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OUR OBJECT. 


The object of this publication is to provide a medium for the 
free interchange of ideas and experience among those identified 
with the operation of electrical apparatus as applied to rall- 
way practice. 

In this mutual exchange of ideas among the men prominent 
In the field there will result a better understanding and solu- 
tion of the problems before us and a wonderful inspiration for 
all to greater achlevements. 
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Railway Shops. 


Since about 1900 there has developed a tendency in 
shop design toward greater completeness and perman- 
ence of both structures and their equipment and the in- 
troduction of more scientific methods of management in 
their operation. More attention has been paid to the 
arrangement of departments internally and relatively in 
order that materials may progress in a straight line 
through the shops, thus facilitating production and re- 
ducing costs and keeping the rolling stock in service a 
larger percentage of the time. 


Electrical devices of every sort have been very gen- 
erally adopted in all new shops and so far as possible 
in old ones. This is especially true of shop lighting and 
in a lesser, but still a large, degree regarding electric 
motors, welders, heaters, drills and many other appli- 
cations. The influence of the electric crane has prob- 
ably been greater than any other single factor effecting 
the layout of the shops as a whole, and the use of elec- 
tric motors for individual drive of machine tools has 
influenced the design of the buildings. And all of these 
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things tend to make the modern railway shop a more 
pleasant place to work and a more efficient element in 
any railway organization. 

The electrical departments of the American railways 
of today are rapidly coming to the front and receiving 
equal recognition with the other departments, as they 
should, and it is to their efforts in many cases that the 
extended introduction of electricity in shops as well as 
cars has been due. As to how well their work has been 
done, it is only necessary to visit the railway shops of 
the country to see that it has been first-class. 

During the past twelve months this paper /has been 
giving its readers a series of articles describing the lead- 
ing railway shops of the country, paying more attention 
to the equipment than to the general arrangement. So 
many favorable comments have been received that it 
has been decided to continue these articles, but, giving 
more specific attention to the details of the electrical 
equipment than has been the case. 

In the course of the special study given this subject 
by the editor of our shop section, so many points of gen- 
eral interest regarding the broader phases of the prob- 
lem were learned that it was decided to give our readers 
some of the benefit gained. This has been attempted in 
the article on “The Planning and Equipping of Railway 
Shops” published in this issue. It is obviously impos- 
sible to do more than refer to some of the principal 
points in an article of this sort, but we believe this story 
will prove of interest to all who read it. 

This article should be read in conjunction with the 
regular monthly story in our “Shop Section,” describing 
the Beech Grove shops of the Big Four Railway, as the 
machine tool equipments for the various departments 
of a railway shop have been purposely omitted from the 
general story to reduce its length. Typical equipments 
for all departments will be found at the end of the Shop 
Section article. 


New Type of Roundhouse Lighting. 


The big new roundhouse of the C. & N. W. Ry. at 
Butler, Wis., contains a novel installation of roundhouse 
lighting that should interest both the electrical engineer 
in charge of the design of these systems and the round- 
house foremen who use them. 

On account of the extremely corrosive action of the 
steamy smoke which usually pervades the roof zone 
of a roundhouse, it becomes very difficult to maintain 
the proper insulation of any electric lighting circuit 
placed in that zone. Accordingly there has been a 
gradual evolution in roundhouse lighting systems to 
the end that all wiring be removed entirely from this 
smoke zone of trouble. 

The installation at the Butler roundhouse described 
on page 3 of this issue marks a big step in advance 
in that the lighting units themselves are placed well 
below the smoke zone. The circuit wiring on this in- 
stallation, however, is placed inside the house just above 
the windows, and while this is far better than placing 
it among the roof trusses or even outside on the roof, 
a more permanent installation could be made by placing 
the main circuit wires entirely outside the building 
and individual lead in wires for each aisle be brought 
in conduit through the wall from a junction box placed 
outside under the eaves. 

Such an installation on the Illinois Central Ry, ..was 
described in the June 1909 issue of the RAILWAY 
ELECTRICAL ENGINEER. In this installation the 
main circuit wires were placed well‘up under the eaves 
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on the outside of the building where they were well 
protected from the weather and sun. 

It is, however, with particular reference to the light- 
ing system rather than the wiring that this installation 
is of interest. By using this particular type of reflector 
a horizontally directed light instead of the usual light 
from above is obtained. And, contrary to what might 
be expected, from two headlight reflectors projecting 
down one end and one at the other end of the aisle 
between pits, a very good general illumination in both 
the aisle between the engines and in the lane extending 
in front of the pits is obtained. 

By mounting the reflector on a wedge shaped block 
so that the beams cross, the light from one reflector be- 
ing directed at the motion parts of the engine on the 
opposite side of the aisle and vice versa, a more effect- 
ive illumination could doubtless be obtained than with 
the radial line projection as employed in this installa- 
tion. 


Association News. 


Semi-annual Convention. 


The semi-annual convention of the Association will 
be held at Hotel Dennis, Atlantic City, N. J., at 10 a. m., 
June 14th. 

Program of the meeting is as follows: 

10 A. M. 

Address of President. 

Report of Secretary-Treasurer. 

Unfinished Business. 

New Business. 

Progress report of Various Committees. 

Zeer: 
Informal talk on Railway Shop Equipment, etc. 
(A. I. Totten, General Electric Company.) 
(F. H. Herzsch, Westinghouse Company.) 
Intormal@talk,"UssS Postal’ Gar jand eeassenger Car 
Illumination.” 
(A. J. Sweet, Holophane Company.) 
(L. Schepmoes, Safety Car Htg. & Ltg. Co.) 

Informal talk, “Method of Axle Generator Control, 

Constant Current vs. Constant Potential” —‘Haul- 

_ age of Equipment.” 


(By Representatives of Axle Car Lighting Com- - 


panies. ) 

This is going to be the best semi-annual convention 
we have ever held. There will undoubtedly be a large 
number of railroad men from all parts of the country 
present. 

Remember “The Dennis” is our headquarters, and we 
hope that all Associate members as well as all Active 
members will register there as members of the “A. R. 
| ads 


Annual Proceedings Now Ready. 


Secretary Andreucetti reports that the 1911 proceed- 
ings of the Association are now ready and have been 
mailed to all members not in arrears on their dues. If 
you didn’t get yours, may be it is because he’s waiting 
for you to cash in on 1911-1912 dues. 

We think he is pretty hard hearted ourselves, but he 
says he needs the money. 

Entertainment Program for Atlantic City Conventions. 

J. W. Taylor, Secretary of the Master Mechanics As- 
sociation and the Master Car Builders Association has 
given out the following details regarding the entertain- 
ment features of the Atlantic City Conventions. 

Contrary to previous custom a charge of $1.00 will be 
made for each badge issued to the members of the M. 
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C. B. Associaiton. No charge is made for badges of 
the M. M. Association, but it is understood that a pro- 
portionate part of the entertainment expenses will be 
born by the M. M. Treasurer. ' 


Roller Chairs. 

The free use of roller chairs have been dispensed 
with, but arrangements have been made so that coupon 
books will be provided at the following rates: 

10 sridesa ite aves a es ee $2.50 
20 rides 5.00 

When tickets are used, the book covers will be re- 
deemed when presented to the chair companies with a 
refund of 50c on each 10 ride book and $1.00 on each 
20 ride book. — 


Entertainment. 


ee 


The following entertainment features have been pro- 
vided : 
Wednesday, June 12. 


10:30 a. m.—Orchestra concert on Million-dollar Pier. 
3:30 p. m.—Orchestra concert on Million-dollar Pier. 
9:00 p. m.—Soeial gathering and informal dancing, 
Marlborough-Blenheim hotel. 
Thursday, June 13. 
10:30 a. m.—Orchestra concert on Million-dollar Pier. 
3:30 p. m.—Orchestra concert on Million-dollar Pier. 
9:30 p. m—Informal dancing on Million-dollar Pier. 
Friday, June 14. 
10:30 a. m.—Orchestra concert on Million-dollar Pier. 
3:30 p. m—Orchestra concert on Million-dollar Pier. 
9:00 p. m.—Musical programme. 


Saturday, June 15. 
10:30 a. m.—Orchestra concert on Million-dollar Pier. 
2:00 p. m.—Baseball; parade from Million-dollar Pier 
LO "Street utara, 
3:00 p. m—Annual baseball game. 
No scheduled entertainment in the evening. 


Sunday, June 16. 
No scheduled entertainment. 


Some Exhibitors. 


Following is a list of some of the exhibits which will 
be of interest to men in the electrical departments of 
railroads: 


Consolidated Ry. Elec. Ltg. & Equip. Co., New York. 
Duntley Keller Pneumatic Tool Co., Chicago. 

Edison Storage Battery Co., Orange, N. J. 

Electric Cont. & Mfg. Co., New York. 

Electric Storage Battery Co., Philadelphia, Pa. 
General Electric Co., Schenectady, N. Y. 

General Railway Supply Co., Chicago. 

Gold Car Htg. & Ltg. Co., New York. 

Gould Coupler Co., New York. 

Gould Storage Battery Co., New York. 
Johns-Manville Co., H. W, New York. 

Main Belting Co., Philadelphia, Pa. 

Morgan Flexible Steam Joint Co., Louisville, Ky. 
Mudge & Co., Burton W., Chicago. 

Pennsylvania Flexible Metalic Tubing Co., New York. 
Pyle National Elec. Headlight Co., Chicago. 

Reliance Elec. & Engr. Co., Cleveland, Ohio. 

Remy Elec. Co., Anderson, Ind. 

Safety Car Htg. & Ltg. Co., New York. 

Sprague Elec. Wks. of General Elec. Co., New York. 
U.S. Ltg. & Htg. Co., Niagara Falls, N. Y. 

Van Dorn & Dutton Co., Cleveland, Ohio. 

Ward Equipment Co., New York. 

Westinghouse Elec. & Mfg. Co., E. Pittsburgh, Pa. 


. June, 1912 


One of the most progressive and radical changes in 
the lighting of large shops since the advent of the 
tungsten lamp has been made by the Pullman Company 
of Chicago. The story of the lighting of this plant, 
embracing as it does practically every type of shop work 
from the finest detail work to that of heavy machine 
work, offers an opportunity for comparison, which 
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The Lighting of the Pullman Shops 
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After giving the problem thorough study in all its 
different phases, it was decided to adopt’a permanent 
and standard system of lighting; thus, at oné sweep, the 
entire expense and annoyance consequent upon an in- 
stallation as described, was removed and in its place’ was 
substituted, an up-to- date system, thoroughly efficient, at 
a less cost, and with tremendotis saying. The unit 


Fig. 1. 


probably will not be met in any other plant in the coun- 
try. 

The work here is so varied, as one can well imagine 
by merely looking at a Pullman car and remembering 
that the car, in its minutest detail, is a product of the 
Pullman Company, that a trip through the immense 
plant can well be compared to a trip through a manufac- 
turing town, of varied industries. 

While a great proportion of the change was made on 
past experience, still a great deal of it was made on 
theory, the object of this installation being two-fold; 
to better the lighting conditions and to reduce the cost of 
lighting. 

Previous to the present installation, the plants of the 
Pullman Company had been illuminated with variegated 
types of lighting units passing in range from the mod- 
ern- flaming arc to the most antiquated enclosed arc; 
gas arcs and carbon incandescent lamps; there was 
hardly a type of arc lamp which has been produced in 
the past fifteen years, that could not be found at some 

point in the plant. 

There were in operation at. that time, in round num- 
bers, 800 arc lamps. To keep these arc lamps in opera- 
tion required the constant services.of four men whose 
duty was to trim and keep in repair, the lamps. The 
fabor required for the up-keep of these lamps was a 
small item as compared with the actual cost of main- 
tenance, such cost including repair parts and carbon; 
add to this the annoyance due to the uncertainty of life 

of the arc lamp, inefficiency of the lamp and the glare 
consequent upon the use of Carbon Lamps, and some 
idea of the conditions may be imagined. 


Showing Interior of Machine Shop. 


chosen as a standard, was the Columbia Mazda Lamp 
with a Benjamin Reflector. 

In bettering the lighting conditions, light of ample in- 
tensity and of a quality suited for the work to be done, 
was desired. This work varied through a wide range 
so that each shop or department offered a specific prob- 
lem in illumination by itself. 

Fig. 1 Which shows the Machine Shop, gives some idea 
of the condition under which the work was carried out. 
In this case, a combination of general and local lighting 
was in order on account of the ceiling shafting and a 
great number of machines. Under such conditions, it 
would be impossible to light a machine shop evenly or with 
any degree of satisfaction without the use of drop 
lights. The average light intensity here is about 1 foot 
candle; the machines are provided with local drop lights, 
but not all are used, this depending a great deal on the 
operator and his relative position to the lighting unit. 
If he happens to be so situated that his machine is 
within range of the unit, no drop light is required. 

The. “Six Spindle Drill” shown in the center of the 
illustration, is lighted entirely by the unit directly above 
it, no other lighting being required. This is, perhaps. 
one of the best illustrations on record of the ability of 
the tungsten lamp to withstand jars and vibration. The 
lamp here shown, is the one which was originally placed 
in the unit in May, 1911, and is, “still in service and 
doing well.” The reason for this lamp béing placed in 
this position is the high intensity of light and even illu- 
mination required at that particular point. It can be 
readily seen that a series of drop lights on such-a ma- 
chine would’ be of great disadvantage ‘to the operator. 
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The main runway with crane and trucking tracks as 
shown in Fig. 1 are lighted by 250-watt units; ample 
light is given here for the moving about of machinery 
and materials. At still other points in the shop, units 
are placed with reference to the machinery in an endea- 
vor to do away with drop lights. 

Fig. 6 shows a section of the Brass Shop as an exam- 
ple of still a different type of lighting. Here, there is 
also a small amount of overhead shafting, but a higher 
ceiling and at the same time more open space, So that 
much better opportunity is given for general lighting 
ing. Agee S | i : 

The Brass Finishing Room is a modern building with 
ample provision for natural daylight, there being win- 
dows on three sides, the floor space, a section of which 
is here shown, is 125x144 ft. 

On the original installation the type of lighting was 
the flaming arc for general illumination, and there were 
also a great number of carbon drop lights at the various 
benches and machines. These units were replaced by 
16-250-watt Mazda lamps giving an average illumina- 
tion intensity of 314 ft. candles. Here, again, a few 
drop lights are in use on some of the drilling machines 
to satisfy the personal wishes of operators. This build- 
ing is a three story affair and each of the three floors 
is equipped throughout in this manner. 


rather than a field for combining local and general aie 


Plan of Cabinet Shop Showing Location of Fixtures and Posts. 


Fig. 2. 


Fig. 3 gives an illustration of the Wood Shop; here, 
the 250-watt units are used exclusively for lighting. 
General wood-mill work of all kinds is done here. This 
shop embraces the second 
buildings; the dimensions are 200x100’. It formerly 
contained 20 enclosed arc lamps with a great number of 
incandescent drop lamps. The enclosed arc and drop 
lamps were taken down and supplanted by 40-250-watt 
units. 

Another feature of the illumination at the Pullman 
Shops, and perhaps one of the most striking, is the illu- 
mination in the Power House. Here again, the general 
practice of using high candle power and high wattage 
flaming arcs was done away with, and in their place 
were substituted three 500-watt lamps. The Power 
House, is 70 ft. x 185 ft., the height of the lamps being 
31 ft. The light from these 3-500-watt lamps is the 
only illumination which is in this building. There are 
around the side walls of this building, brackets contain- 

ing 60-watt tungsten lamps, which it was feared might 

be necessary, but up to the present time there has never 
been occasion to use these side wall lamps. However, 
they lend appearance to the Power House, and can be 
used at any time. 


In ‘a brief article such as this it is impossible to cover 
the field as thoroughly as the subject demands, or to 
give in detail, the lighting scheme and results in each of 
the various shops. Such an article would cover a great 
many more pages than could be given here. 


story of one of the older . 
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As a specific illustration of the lighting, the new Cabi- 
net Shop has been chosen, since in this room, the light- 
ing is done entirely by means of 250-watt lamps without 
the use of lights of any other kind. The class work 
done in this shop requires as good lighting as the aver- 
age requirements of any shop, so that it offers a fair 
means of comparison. The work in this shop is of a 


Fig. 3. 


Interior of Wood Shop. 


most exacting nature and calls for plenty of well dif- 
fused light. Much fine work is done here in matching. 


The room is situated on the third floor of a three sto- 
ry brick building, has windows on four sides and is 162x 
88 ft. The walls are whitewashed but have collected 
much wood dust, which does not offer the best of re- 
flecting surfaces. The building, being of mill type con- 
struction, has supporting pillars at regular intervals, as 
shown in Fig. 5, In the centre of the room is a sky- 
light 20x40 ft. so that on fairly bright days there is am- 
ple light in this room without the use of artificial light- 
ing. Much wood dust is in evidence throughout the 
room as would be expected here; otherwise conditions 
are very similar to a great many other shops of this type. 

The type of lighting in use here before the installa- 
tion of 250-watt Mazda lamps consisted of 60-watt Car- 
bon incandescent drop lights entirely; each bench was 
lighted by 8 of these drop lights, 160 all told. The 
benches and horses on which work is done are in general, 
36” from the floor and are placed on the outside of the 
room so that the best daylight conditions may be ob- 
tained. 

Under the old scheme, the lighting was anything but 
effective there being generally on the benches a series of 
bright and dark spots and on the whole, the room had a 
dismal appearance. It seemed as though everywhere 
one looked there were drop lights. No tests were ever 
made on the amount of light falling on the work, but 
from the writer’s experience with’ such lighting, it would 
seem that there were circles of light varying from two 
to three foot candles at the lightest point, down to a 
fraction of a foot candle between lamps. 

Under the new conditions, there were installed in this 
room, 34-250-watt units as shown in Fig. 5. These 
were installed in the centre of bays, the dimensions of 
which are 18x22’ the units being 10’ above the floor or 
approximately 7’ above the working plane. 

A general average of 3.5 foot candles is maintained 
over the working plane in this room. This quantity of 
light, as has been actually shown under working condi- 
tions, was ‘ample for the work being done and has 
proved highly satisfactory in every respect. In this 
shop alone the saving in current consumption effected 
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by the new system of Mazda lighting was 1100 watts. 
It is impossible, however, to make any comparison of 
the lighting under the present system as compared with 
the old. Had it been merely desired to give as much 
light, it could have been done ata much greater saving, 
but it must be realized that the object of this installa- 
tion was to better the lighting conditions primarily, and, 
if possible, create a saving. That the former has been 
done in this case is absolutely certain, with a saving of 


pen ----------- > 
Flat Cone Reflector Socket. 


« 
Fig. 4. 


1100 watts. With the total floor area of this room, 
14,256 square feet, a wattage consumption of .6 watts 
pe rsquare foot is here shown. This is in keeping with 
the general plan of economy in lighting throughout. 

The freight car shop which is the only part of the 
plant which has series lamps consists of a building 850’ 
long by 75’ wide and has twelve sets of tracks. In this 
building 250-watt, 7%4 ampere series lamps are scat- 
terred at intervals between tracks, there being altogether 
62 of these lamps, all placed on one circuit. The sockets 
are all equipped with film cutouts thus providing for 
continuous circuit even though one or more of the 
lamps burn out. The circuit is controlled by a Westing- 
house regulator. 
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Fig. 5. WUlumination Test in Cabinet Shop. 


The following gives a detailed list of lamps in differ- 
ent departments and buildings and_ serves best, prob- 
ably, to show the variety of work for which this type of 
lighting is being used successfully. In every case here 
shown, the unit is a 250-watt Columbia Drawn Wire 
Mazda Lamp and Benjamin: Reflector Socket No. 5501. 
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The installation of this type of lighting unit means 
that the first cost of installation is reduced to a cost, 
the saving on which is only controlled by the type of 
lamp which has been abandoned. The lamps used have 
a guaranteed life of 1000 hours, but as a matter of fact 
the lamps in this installation, after more than eighteen 
months of continuous service, have shown an average 
life far above 1000 hours. Here again, some idea of the 
saving may be imagined. 


Fig. 6. 


Interior of Brass Shop. 


LIST OF UNITS IN VARIOUS SHOPS. 
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COST OF TRAIN LIGHTING. 

The Electrical Review (London) for May 3rd con- 
tains an article by Mr. C. Toone on the cost of railway 
train lighting in England. 

Mr. Toone says that there can be no doubt that elec- 
tric lighting is the safest possible means of illuminating 
railway passenger vehicles, and there are now so many 
excellent systems of energy production, or transport, 
and of distribution of current from coach to coach, that 
a suitable arrangement is at hand for every class of 
railway, and, apart from discussions as to the illuminat- 
ing “qualities” of the various sources available, the 
adoption of electric lighting turns mainly upon the 
question of annual cost. A number of authorities have 
estimated the latter for various lighting systems. Dr. 
Jakob, of Baden, has collected the latest available data 
concerning five large Continental railways, using respec- 
tively :—A, oil gas and ordinary mantles; B and C, ordi- 
nary coal gas and inverted mantles; D, electric lighting 
from accumulators; E, electric lighting from carriage 
dynamos. The chief of the result derived are given 
below, together with simple formule for estimating the 
total annual costs of the various systems considered (see 
also Elektrotech. Zett., January 11th, 1912.) 

As a basis of estimate and comparison, assume a 
mixed second and third class eight-wheeled coach, run- 
ning 62,500 miles per annum at an average speed of 30 
M.P.H.; then the running hours per annum average 2,000. 
to which may be added 20 per cent. to cover stoppages 
and lighting in stations before and after arrivals. An 
allowance of 300 c.p. per coach and burning hours equal 
to half the total running hours is assumed. Gas or ac- 
cumulator equipment may have 24 hours, and the battery 
in a dynamo e dynamo equipment 10 hours’ capacity. 

Including capital, maintenance and energy charges 
(and all wages reasonably chargeable to this account), 
the lighting and total costs per annum, in the cases re- 
ferred to above are given in francs as follows: 

Case. PAS, BB. © iBY E, 
Actialsuohting eel oc Geel Use oO 06 1/7 56n oO A 
Total annual cost “K” 

of lighting equip- 

ment 497.3°97493,0 0526.6 16528" 376.5 

From these figures it will be seen that the total costs 
of the above lighting equipments average 500 fr. for the 
gas systems, 650 fr. for electric lighting from accumula- 
tors, and 375 fr. for electric lighting from train dyna- 
mos. Depreciation and maintenance constitute the chief 
items of expense in the accumulator system; deprecia- 
tion costs are rather higher in the dynamo than in the 
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The fixed charges and those dependent on the dis- 
tance traveled, are much the same in each case, but the 
1,000-hour value of those depending on the lighting 
hours are about 200 fr. for gas lighting, and 272 and 54 
fr. for electric lighting by accumulators and dynamos 
respectively. Lighting by accumulators alone, is always 
very costly. 

If the fixed costs be equal, the cost of lighting by gas 
and by dynamo is the same when B/w =1-4, 7.e., when 
one hour’s lighting is required for every 400 kms. train 
miles (about 8 hours’ run). For longing lighting peri- 
ods per train mile, the dynamo system is the cheaper. 

On very long journeys, such as are common on Con- 
tinental and American railways, it may be necessary to 
carry a double supply of gas or two sets of accumulators. 
Such a necessity at once enhances the relative superior- 
ity of the dynamo system and the new equations for kK 
become :— 

(SASS Mee, Titan ee .... K== 150+ 169.w-+194.B8 

POcuinulatous meee K = 275 + 244.w-+t 275 .B 

Dynamogh gees K=1150+ 150.w+t 56268 
and dynamo lighting shows considerable economy even 
for small values of B (the lighting hours). The general 
conclusion to be derived from the above notes is that 
dynamo lighting is always preferable to accumulator 
lighting for trains, and that the former will usually 
show a greater or less economy over ordinary incandes- 
cent gas lighting. 


BALL BEARINGS. 


The appointment of a special committee on ball bear- 
ings made at our annual convention in November, marks 
the awakening of interest in this subject which now 
seems to have gained a great impetus and will doubtless 
result in the general adoption of ball bearings for axle 
generators. 

It is claimed by one manufacturer that ball bearings 
save 90 per cent in the cost of lubricants and 90 per 
cent in labor or lubrication. 

It is certain that ball bearings require very much less 
attention than do bearings of the ordinary type, and 
with the development in ball bearings in the past few 
years, induced largely by the automobile idustry, these 
bearings are now entirely reliable and give long life 
even in the most severe service. As a matter of fact, 
there are a large number of trolley cars, weighing even 


as high as 40 tons, mounted entirely on ball bearings. 


The severe service of blows and vibration of a trolley 
car at high speed offers a pretty good test as to the 
reliability of these bearings when operated in railway 
car lighting service. 
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The magnitude of this subject is so great that it is 
manifestly impossible to do more than touch upon. the 
more important portions in an article of this sort. Each 
phase of it is worthy of an entire volume, and many such 
have been written, but conditions are changing so con- 
tinually that elaborate compilations are liable to be out 


of date before leaving the printer’s hands. Therefore, 
we shall deal more specifically with those phases which 
have to do with the planning and electrical equipment of 
railway shops. 


It will be evident to even the most superficial observer 
that no two shops can be exactly alike and be equally 
efficient, nor can any set of definite rules be laid down 
which can be followed implicitly when laying out a new 
shop. On the other hand, experience shows that there 
are certain more or less general laws which may be used 
as a guide in studying the existing conditions and which 
will help in formulating a mode of procedure for the 
preliminary layout. 


Unquestionably, the first and best thing to do is to 
make a careful, comprehensive and detailed study of 
existing shops, old and new, especially those operat- 
ing under conditions similar to the assumed condi- 
tions of the proposed new one. This survey should take 
into account not only the arrangement and equipment of 
the buildings but also the operating conditions of the 
road, the organization and management of the shops, the 
amount and nature of the rolling stock, the policy of the 
road, the men behind the organization, the probable 
future conditions as presaged by present tendencies, etc. 
And this is no child’s job. 


Among the more important preliminary data required, 
the use and value of each being evident to experienced 
railway officials, may be mentioned the following: 


1. Character of Traffic. 
(Suburban or through, freight or passenger, light or 
heavy.) 
2. Grades and Curvature of Tracks. ; 
(Many or few, character, effect on rolling stock, etc.) 
3. Water Supply. 
(Quantity, quality, location, cost, etc.) 
4. Types of Locomotives. i a) 7, 
(Sizes, design, service, speed, distribution, etc.) 
5. Number of Locomotives and Cars. 
(Total, distribution, per division, service, etc.) 
6. Relation of Shops to Sources of Supply. 
(Labor, material, water, fuel, etc.) 
7. Cost of Land, Buildings and Labor. 
(First cost, taxes, insurance, interest, upkeep, etc.) 
8. Size, Shape and Location of Land. 
(Compact or scattered, along tracks or distant, etc.) 
9, Kind and Amount of Work to be Done. 
(Building, repairing, cars, locomotives, both.) 
10. Policy of Management as to Expense. 
(Low first cost or economical operation, room for 
growth.) 
11. Probable Changes and Extensions. 
(Shifting departments, increasing business, consolida- 
tions.) 
12. Power, and Method of its Use. 
(Mechanical or electrical transmission, drives, etc.) 
13. Division Repair Shops and Equipment. 
(Effect on main shop, Light or heavy repairs, etc.) 
14. Relation to Associated Lines of General System. 
(Financial, physicial and political, interchange, etc.) 


Planning and Equipping of Railroad Shops 


GEO. W. CRAVENS 
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_ Numerous other controlling factors might be mentioned 
in a complete exposition of this subject, but these will 
suffice to give an idea of the general problem and its 
principal factors. Every railroad has its own peculiar 
conditions to meet and its shops must be planned in the 
light of the fullest information available. The success 
or failure of the new, shop will depend upon how care- 
fully the problem has been worked out. 


In all cases the layout finally adopted is more likely to 
be the most practicable under the existing conditions 
than the ideal or theoretically perfect one for the work to 
be done. Each and every one of the factors listed above, 
and more, will have a definite effect upon the problem, 
the answer depending upon their relative values. Prob- 
ably the most important single factor, in recent years at 
least, is the very general adoption of electricity as the 
distributing medium for the power. This not only allows 
a central generating plant but makes possible the ar- 
rangement and re-arrangement of the machine tool equip- 
ment to suit varying conditions without appreciable 
expense, low operating expenses and increased outputs, 
reduced investment in building, line shafting and belts. 
better speed control, etc. 


Probably the factor of +:next importance in its in- 
fluence on the general layout is the electric travelling 
crane. Originally the transfer table was the limiting 
factor because all buildings doing work on assembled 
locomotives or cars had to be tributary to it. Now the 
large cranes can pick up a heavy locomotive or car and 
shift it from one end of a shop to the other and from 
track to track about as quickly as it would take to get the 
transfer table in place and the load on it. 


Then comes the enormous improvements in shop ap- 
pliances and the adoption of high speed tool steels as 
factors in the problem. In practically every shop in the 
world today may be found the good effects of these fac- 
tors. Many old shops have been remodelled or rebuilt 
since the advent of modern methods and equipment, and 
others have adopted them in their extensions. And all 
new shops are being planned and equipped with a view 
to taking every possible advantage of scientific methods 
of management as well as the latest equipment. We will 
not go into a description of management or methods 
herein, but they must be taken into account in the lay- 
out, for the routing and speed of the work through the 
shops determines their relation and size as well as their 
equipment. This is very important. 


Another important factor, and one which effects the 
size as well as the location of the main shops, is the com- 
paratively recent tendency to establish small but well 
equipped shops at large centers and division points in con- 
nection with the round-houses. In some cases these can 
take care of fairly heavy repairs in case of emergency, 
but in most cases they are planned for running repairs 
only. Evidently, this will relieve the main shops to an 
appreciable extent and keep the rolling stock, especially 
engines, in operation during a larger percentage of the 
time. The influence of this tendency on the main shops 
will be evident. The most desirable location for the main 
shops is near the center of business of the system, not 
the geographical center, but physical conditions some- 
times modify this. 
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| Therefore, we find that each railroad presents its own 


peculiar problem and the only possible way to correctly 
solve it is through long and careful study of as many of 
the factors as can be discovered. And the best way to 
discover what these factors are is to see what points 
have been taken into account by others in planning, locat- 
ing, building and equipping theirs. So, let us see what 
some of the leading: American railroads have done. 
GENERAL LAYOUT. 

Assuming that the officials of your road have done 
their part of work by determining such factors as the 
location of the shops, stated a policy as to expense, con- 
solidations with other shops and provisions . for the 
future, establishment of division repair shops, relations 
with associated lines, etc., and that you have investigated 
the other factors mentioned above (together with as many 
more as you can think of) the next factor ahead of you 
is the layout. 

It is obvious that those buildings whose functions are 
to supply or assist all or most of the others should be as 
near the center of the group as possible. This applies to 
the power plant, general storehouse and, in most cases, to 
the blacksmith shop. Next in importance comes the main 
highway or means of intercommunication between the 
different parts of the plant, and finally the grouping of 
the buildings. The last mentioned is not the least im- 
portant, nor should it be entirely ignored until the other 
points are settled. The only excuse for the existance of 
a shop at all is to have it perform certain functions as 
quickly and cheaply as possible, in order that the equip- 
ment may be in money earning service as much of the 
time as possible. And the arrangement of the buildings 
is vital to this. 

A study of existing shops, such as has been done in 
writing the series of shop descriptions now running in 
the Railway Electrical Engimeer, shows almost as many 
kinds of layouts as there are roads. This is not due en- 
tirely to the honest differences of opinion among the 
members of the mechanical departments, as some seem 
to think, but in a larger measure to the fundamental 
differences in local conditions, as stated above. 

Taking the matter of locating the “general utility” 
buildings first, we find that most of the shops which are 
more than twenty years old have either no central power 
plant or have one at one side or end of the group of 
buildings. In most cases such plants have two or more 
boiler houses scattered around the yards supplying steam 
to the separate buildings for driving steam engines. Some 
of these old shops have recently had central power plants 
built in or near the load center of the shops. Store- 
houses, however, are in nearly all cases near the loco- 
motive shops and accessible to the car shops, and black- 
smith shops are also close to locomotive shops. 

As to the main highway or means of transportation 
between buildings there is less agreement manifest. This 
is due to the influence of the transfer table and electric 
crane on the layout. In the earlier days the crane had 
not been developed to the point of usefulness as at 
present and the transfer table was the only means avail- 
able for moving cars, trucks and engines at right angles 
to the interdepartmental trackage system. And we all 
know what a nuisance it is to have to be continually 
crossing the transfer pits with wagons or small hand 
trucks loaded with heavy materials. 

The advent of the traveling crane (overhead) and 
the yard gantry crane, first operated by hand or com- 
pressed air and later by electricity, has had a marked in- 
fluence on the layout of modern shops. This is due to 
the use of the cranes as one of the principal means of 
transporting materials between buildings, as well as 
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within them. So the trend of design of layout has been 


from that depending entirely upon the transfer tables 
to the layout with no transfer tables. As to whether 
the transfer table may be permanently dispensed with 
in all cases, or even in any case, time alone will tell. 
The chances are that it will always be used to some ex- 
tent, even as horses will not be entirely superseded by 
automobiles. 

Some time ago Mr. Walter G. Berg, Chief Engineer 
for the Lehigh Valley Railroad, made a careful and 
quite complete study of the leading American railroad 
shops and classified them according to their layouts as 
follows”— 

A—Complete Transfer Table Layout. 


(a)—All departments combined along one transfer 
table. 

(b)—The various departments grouped along separate 
tables. 


B—Combination of Transfer Table and Longitudinal Layout. 
(a)—Longitudinal freight car shop; all other depart- 
ments with transfer tables between. 
(b)—Longitudinal locomotive erecting shop, longitud- 
inal freight car shop, transfer table for passen- 
ger car. shop. 
C—Combination of Transfer Table and Cross Locomotive 
tive Shop with Crane. 
(a)—Cross locomotive erective shop with crane for 
lifting engines, with transfer tables for all other 


epts. 

(ce locomotive erecting shop with crane for 
lifting engines, passenger car shops with trans- 
fer table, and longitudinal freight car shops. 

D—Layouts without Transfer Tables. 

(a)—AIl longitudinal layout. 

(b)—Cross locomotive shop with crane, 
longitudinal. 

A study of recent shop layouts shows a _ growing 
tendency to concentrate the building along a craneway 
(the means of intercommunication between departments) 
similar to the older method of keeping the buildings along 
the transfer table, and arranging the shops of each group 
according to their respective functions. The Big Four 
Shops at Beech Grove (Indianapolis) described elsewhere 
in this issue, the Grand Trunk Shops at Battle Creek, 
the Lake Shore Shops at Collinwood and the Frisco 
Shops at Springfield (Mo.) are all provided with crane 
ways as above outlined. 

The author, therefore, suggests the addition of another 
classification to those suggested by Mr. Berg, as follows: 
E—Combination of Main Craneway with Transfer Table. 

(a)—All departments tributary to crane served 
midway. (Big 4.- 

(b)—Locomotive departments tributary to crane- 
way with transfer served car departments 
isolated. (Frisco or LoS: & MS 

Of the two references cited under subdivision ‘‘b” the 
layout at Collinwood (L. S. & M. S.) is best suited for 
the average road, that at Springfield (Frisco) being 
planned for enormous and unusual expansion, but worthy 
of study, nevertheless. 

The Chicago-Great Western shops at Oelwein, Burl- 
ington at Hannibal, Colorado & Southern at Denver, M. 
K. & T. at Sedalia and L. & N. at South Louisville have 
transfer tables as the main source of intercommunica- 
tion. 

Along with yard cranes and transfer tables must be 
considered the track arrangements, both inside and out- 
side the building. Here is where the wide differences 
due to transfer tables and cranes is most evident. With 
the former there must be a door in the side of the build- 
ings for each track while with cranes a door at each of 
the end tracks or one in the middle of the building is 
enough: The big cranes will lift a locomotive over the 
others and put it wherever required. This applies to the 


otherwise 
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locomotive shop principally, for the car departments are 
still best served by transfers between the several build- 
ings unless the climate is very severe. 

The storehouse should have tracks on both sides with 
platforms at the car floor level. Small cranes are also 
provided to help handle heavy materials, many store- 
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houses having telpher systems so arranged as to carry 
the materials directly to the bins from the cars. At least 
one track should enter the blacksmith shop and foundry 
and convenient connection should also be made with 
the scrap yard and iron storage spaces or buildings. The 
tumber yard and planing mill should be near together 
and connected by tracks with car shops. 


A very important factor in determining the class of 
layout, and one which is sometimes unavoidable, is the 
necessity for ranging the shops along the right of way of 
the road. It is obvious that the size, shape and 
topography of the land will frequently be of such a 
nature as to compel a layout which is not economical or 
even convenient. This is especially true where the strip 
is very narrow in proportion to its length, although some 
engineers have succeeded quite well in spite of such a 
handicap. Adequate provision for extensions must also 
be made, and the failure to look ahead far enough often 
leads to great future losses and inconvenience. The 
recently completed shops of the St. Louis & San Fran- 
cisco Ry. at Springfield, Mo., offer one of the best ex- 
amples of foresight in this country. Provision has been 
made here to double the present shops and then, later, 
to double them again with economical operation at all 
times. 


The locomotive shop is the most important of any 
plant, so its location and arrangement must be given first 
consideration. Those who advocate the longitudinal ar- 
rangements are about equal in numbers to those who 
prefer the transverse. Both plans have their good feat- 
ures but the transverse seems to be the best for most 
conditions, and especially where there is no transfer 
table. 


The locomotive shops of the Buffalo, Rochester and 
Pittsburg Ry. at Du Bois, Pa., offer a good example of 
a longitudinal locomotive shop with three lengthwise 
tracks and a transfer table at one end running at right 
angles, and parallel with the boiler shop. The locomotive 
shops of the Pittsburg and Lake Erie R. R. at McKees 
Rocks, Pa., are an equally good example of the transverse 
locomotive shop with a number of stalls at right angles 
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to the center line of the building, access being had by 
three or four tracks at intervals along the building with 
cranes to shift the engines from track to track. 


ELECTRICAL EQUIPMENT. 


Before the power plant can be laid out or its apparatus. 
determined upon, the equipment of the shops must first 
be settled. But we will consider the power plant first 
in this article because that is the arrangement followed 
in the articles written for this paper by the author, and 
our readers are accustomed to it. 

The best location for the power plant is unquestion- 
ably as near the load center of the plant as possible. 
This means present and ultimate load as far as they 
may be determined. This is especially true of plants 
using continuous current on account of transmission 
losses, due to lower voltages than with alternating cur- 
rent (usually). There are some exceptions to this, of 
course, but this is the rule. Adequate and easy provi- 
sion for coal supply and the removal of ashes must be 
made, and these sometimes influence the location of the 
power house as well as its design. 

Preferabty, the coal should be dropped down through 
the car floor to a track hopper between the rails, thence 
to a conveyor and up to bunkers overhead in the boiler 
room for feeding down through spouts to the stokers (if 
stokers are used, as they should be). From the grates, 


Typical Power Plant with Steam Turbines. 


ashes should drop into hopper which can be emptied into 
the conveyor again and carried to an ash hopper over- 
head ready to be run through a chute to empty cars out- 
side for removal. An equipment like this will soon re 
pay its cost in operation expenses saved. As to the 
type of boiler to use there is very little choice between 
the various watertube boilers now on the market, the 
firetube boiler being practically superseded now for pow- 
er plants of any size. 

The battle between the steam turbine and the recipro- 
cating engine still goes merrily on, with a recent ten- 
dency toward horizontal turbines instead of the vertical 
type. One great advantage from the adoption of tur- 
bines is the reduced cost of generators due to the high 
speeds of rotation. This results in a smaller generator 
for a given capacity, with consequent lower cost. 

On the other hand, the use of steam turbines for rai!- 
way shops (or any others requiring steam for heating), 
on account of their large size and amount of glass radi- 
ating surface, makes the expense of steam supply a very 
material consideration. Where noncondensing recipra- 
cating engines are used, or even condensing engines with 
suitable auxiliaries, together with a good exhaust steam 
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heating system the cost of heating becomes a compara- 
tively small factor of expense. 

Recent improvements in alternating current motors 
for driving shop tools have brought them to practically 
the same degree of flexibility as to speeds as the direct 
current motor, so the only factors now to be considered 
are those of voltage drop in transmission and the power 
factor of the system as a unit. Hence, a power plant 
may be arranged in approximately the same way for 
either method of distribution. 

The switchboard is a much more important part of the 
' power plant equipment than some engineers seem to be- 
lieve, judging from some of those now in use. Not only 
should it contain panels enough for all of the generators, 
motors and feeder circuits, but each panel should have a 
complete equipment of meters, switches, etc., to allow 
the fullest knowledge and control of conditions in each 
circuit. A few dollars more spent on the switchboard 
will frequently result in incalculable benefits in operation 
of the plant. The board in the new power plant at the 
Pullman Co. shops is considered one of the finest ex- 
amples of this in the United States. 


GO) 


Cross Section, Typical Large Railway Power House. 


The distribution of power to the various shops from 
the power plant may be done through overhead or un- 
derground cables, the present tendency being to construct 
tunnels throughout the yards and to have all steam, 
water and air pipes as well as electric cables in them. 
This makes frequent inspection easy and results in fewer 
cases of trouble due to breakdowns. Overhead lines 
are carried along the buildings in many of the older 
plants and on wood poles in others, with steel poles now 
being used in some of the newer ones. At the West 
Albany shops of the New York Central Lines all wiring 
is on steel towers, separate cables and wires being run 
from the feeder panels to each point of application of 
the power. This is an extreme case, the rule being to 
run a heavy feeder to a distribution center in each build- 
ing and dividing there into several local circuits. At 


some shops using alternating current, transformers are 


located outside of each shop to reduce the transmission 
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voltage to that of the motors and lights inside and then 
catried in to a distribution panel. 


ELECTRIC MOTORS. 


Turning now to the question of what kinds of motors 
to use for the various classes of apparatus, let us first 
consider the peculiarities of each type. There is no room 
for argument as to the use of anything but electric mo- 


Typical Motor Driven Milling Machine. 


tors where they are at all applicable, and that means 
practically any place where power is used to produce 
motion. Among the benefits derived from their use in 
driving machine tools may be mentioned decreased trans- 
mission shaft losses, increased production through easy 
speed control, accurate knowledge of power required for 
a given purpose, ease of power control and distribution, 
flexibility of machine arrangement, reduced vibration of 
buildings and machines and the elimination of most of 
the belt troubles. 


Direct-current or continuous-current motors are usual- 
ly designed for use on constant potential circuits, three 
kinds being available for driving machine tools: series- 
wound, shunt-wound and compound-wound. Each of 
these has its field of usefulness, as well as its limitations, 
and will be described in detail as we go along. Direct- 
current motors for use on multiple-voltage systems are 
also made but are not in very general use on account of 
the comparatively complicated controllers required. It 
is also necessary to use a motor large enough to deliver 
full load at the lowest voltage, which makes this system 
more expensive to install. 


Alternating current motors are also usually designed 
for use on constant voltage systems and are of two kinds, 
synchronous and asynchronous. That is, they are de- 
signed to run at a fixed speed in the first case or at vary- 
ing speeds in the second case, the latter finding the widest 
application in machine shops. Motors of this kind may 
be obtained for operation on single-phase, twophase or 
three-phase circuits, the single-phase and three-phase 
being the most used. For variable speed work the three- 
phase motor is better, the asynchronous or induction mo- 
tor finding the widest application. However, these mo- 
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tors have their good and bad points and will also be con- 
sidered in detail as we progress. 

Without going too much into the details of design and 
construction of the various kinds of motors, let us con- 
sider the operation of the different types. Then we can 
determine what sort of motor to use under a given set of 
‘conditions. 

When a motor is running the quantity of current pass- 
ing through its armature is limited by two things, the 
resistance of its windings (which is constant) and the 
“counter electro-motive force,’ (tending to choke back 
the current through setting up a “counter” voltage in the 
conductors), this counter e. m. f. being proportional to 
the product of the field strength and the armature speed. 
When multiplied by the current flowing, the counter 
e. m. f. represents most of the active energy in the mo- 
‘tor. 

A series motor is one in which the current 1s caused to 
flow first through the armature windings and then 
through the field windings before passing back to the 
line, hence the field strength will vary with the amount of 
current passing through the armature and the speed will 
vary to correspond, but inversely as the field strength. 

Hence, if we have a series motor running under a cer- 
tain load the speed and torque or pull will be steady. 


Recently Developed Reversing Motor Drive for Pianers. 


If we reduce the load the speed will immediately increase 
because less torque is required. But, the increased speed 
will increase the counter electromotive force which will 
in turn reduce the amount of current flowing. This will 
weaken the field and compel the motor to run faster in 
order to generate the same counter e. m. f. as before, so 
the motor races or “runs away.’ That is why series- 
wound motors are not so well adapted to driving machine 
tools as the others. They are good, however, for cranes, 
hoists, locomotives and other places where they are un- 
der the control of an operator at all times. 
Shunt-wound motors are so built that the field wind- 
ings are connected directly across the line, thus provid- 
ing for constant field excitation and strength at constant 
voltage. The armature is in series with the line and the 
current varies with the load. The armature resistance 
is very low, and causes but small drop in the voltage 
through resistance, hence the counter electro-motive force 
must be almost as high as the impressed e. m. f. or line 
voltage at all times, and the speed will therefore be prac- 
tically constant. The speed of a shunt motor can be 
varied through a wide range very easily, although the 
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torque depends solely upon the amount of current pass- 
ing through the armature windings. 

Compound-wound motors are a combination of the two 
types just described, having both series and shunt con- 
nected windings in their field coils. They start with 


Automatic Control Panel for Planer Reversing Motor. 


comparatively high torque, like series motors, because of 
the series winding, but the high speed is limited by the 
shunt winding so they will not run away under no load. 
The speed may be adjusted at any desired point with a 
given load, but it will vary slightly with the load due to 
the series winding. 

The speed of a motor may be varied in different ways, 
all of which are based upon changing the effective volt- 
age applied. By placing a variable resistance in series 
with the armature the speed may be varied from full 
speed to zero, but this is wasteful of energy and reduces 
the torque of the motor. With shunt and compound- 
wound motors, the better and customary way is to con- 
nect a rheostat in series with the shunt field winding. 
With properly designed motors this method allows varia- 
tions of four to one in speed; that is, a reduction to 25% 
of full speed at constant torque. 

It will be evident from the foregoing what kind of 
motor to use for the various classes of service. For in- 
stance, suppose, you had a planer to equip and attached 
a series motor to it. What would happen if you tried 
to plane off the bosses of a large base casting? When 
cutting metal your motor would slow down, due to the 
load, but when passing free from one boss to the next 
your motor would speed up, and when the cutting tool 
struck the next boss something would break. Experi- 
ence shows compound motors to be better suited to this 
service, and so on down the list. 

Series-wound motors, as previously stated, are best 
adapted for use where the operator has the motor al- 
ways under his control, as for hoists, cranes, elevators, 
locomotives and other classes of intermittent service. 
The speed of a series motor can be varied only by dissi- 
pating energy in the form of heat through a resistance in 
series therewith, thus reducing the impressed voltage and, 
in turn, the amount of current reaching the motor. 
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Shunt-wound motors, because of their speed charac- 
teristics and ease of control, are particularly well adapt- 
ed to driving machine tools. On the other hand, experi- 
ence shows them to be best fitted to drive tools which do 
their work with a rotary motion of either the work or 
the cutting tool. This includes drills, lathes, boring 
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Typical Power Distribution Diagram. 
mills, milling machines, etc., rather than machines with 
a reciprocating motion like planers, etc. For the service 
stated there is nothing better than a shunt-wound, vari- 
able speed motor with good inherent speed regulation. 

Compound-wound motors are best suited for driving 
planers, slotters, shapers, rolling-mills, punch-presses and 
other machines with a reciprocating motion of either 
the tool or the work. This is due to the fact that the 
greatest demand for power is at the instant of reversal 
of motion, and the series winding causes an increase of 
torque as the speed drops due to the increased load at 
this instant. 

The load curve of a compound motor may be greatly 
smoothed out by adding a fly-wheel, and it will tend to 
save the motor. For machines of the class stated, mo- 
tors of larger capacity are required than for machines 
operating with a rotary motion and removing the same 
amount of metal, so fly-wheels will tend to reduce the 
size motor required for a given machine. 

Alternating current motors are also built in a variety 
of forms and some of them possess certain advantages 
over direct current motors for special classes of service. 
Synchronous motors operate at constant» speed regard- 
less of load, up to the stalling point, so long as the speed 
of the generator driving them remains constant. But 
they require the separate excitation of their field wind- 
ings with direct current, the same as an alternating cur- 
rent generator, so are seldom used in machine shops ex- 
cept in the larger sizes. They may be used, however, 
where constant loads are to be carried at constant speeds, 
such as for blowers and pumps operating continuously, 
and for driving generators which operate at constant 
potential. There should always be one in plants using 
induction motors for power in order to bring up the 
power factor. 

Induction or asynchronous motors are of two general 
types, those with “squirrel cage” or short circuited arma- 
ture windings and those with armature resistance ex- 
ternal thereto for speed regulation. The latter class is 


Vol. 4, No. 1. 


further subdivided into two styles, those with the re- 
sistance elements mounted inside the rotor, or armature, 
and those with contacts, or “slip rings,” on the arma- 
ture and leads running to resistances mounted else- 
where. Small sized induction motors are nearly always 
of the squirrel cage type with the primary windings only 
connected to a circuit. The only way to change the 
speed of such motors is through voltage variation through 
transformers or resistances, and this effects the torque 
of the motor. 

The no-load speed of an induction motor is practically 
synchronous with that of its source of supply and its 
full load speed from 3 to 15% less, depending upon its. 
size. In order to develop torque an induction motor 
armature must “slip” or fall behind the synchronous 
speed, and the amount of this slip varies directly with 
the load and the resistance of the armature, and inverse- 
ly as the square of the voltage applied. 

The running torque is directly dependent upon the 
resistance of the armature, the slip and the square of 
the voltage, while the maximum torque is independent 
of the rotor resistance. Induction motors with external 
resistance as described will operate at full-load torque 
with the speed reduced as much as 50% without over- 
heating. 


Typical Individual Drive for Drill Presses. 


Induction motors with squirrel cage rotors are suit- 
able for use where speed variation is unnecessary dur- 
ing a given operation, such as for pumps, fans, drills, 
grinders and other places where motors with the char- 
acteristics of shunt-wound direct current motors are re- 
quired. Speed variation, however, can only be obtained 
through varying the voltage or with speed changing gears 
on the machine, both of which are undesirable. Squir- 
rel cage motors are good for use in oil houses, wood- 
working shops and other places where inflammable ma- 
terials are found as there is no moving contact and no 
sparking. 


Induction motors with variable secondary resistance, 
on the other hand, may be run at speeds of anywhere be- 
tween half speed and full speed, at full load, and are 
suited to most any class of service that either shunt or 
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compound direct current motors are. Recently a new 
form of induction motor has been brought out for use on 
planers and other machines requiring a reversible motor. 
This motor is so designed that it will stop from full 
speed, reverse, and come up to full speed again in the 
time ordinarily taken to shift the belt on a planer, and 
its switch is operated by the dogs on the planer bed. 
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heating, ventilation and sanitation, and the facilities for 
handling materials. Large skylights run along the cen- 
ter of the roof over the main bay with saw tooth roofs 
over the galleries at the sides, and in one recent shop 
there is one square foot of window for every three feet 
of floor area. 

Differences of opinion exist as to the relation of the 


Typical Motor Driven Railroad Shop. 


Reliable data as to the power required to drive the 
different classes of machines is very hard to obtain from 
outside your own shop, so the best thing to do is to get 
a large motor and attach it to the machine in question 
and test it. Several reliable makes of graphic meters 
are now on the market and a great amount of benefit is 
resulting from their use. Tests conducted under various 
conditions of operation have been made by several of 
the railroad companies in their shops and very valuable 
data has been compiled. In many cases the size of mo- 
tor recommended by the machine tool maker has been 
found much larger than necessary and money has been 
saved as the result of making the tests: 

LOCOMOTIVE SHOPS. 

The locomotive erecting and machine shop is usually 
the main one of any railway shop, so its size, location 
and equipment must be given very careful study. For 
our purpose here we will be content wtih a survey of the 
field and see what has been and is being done by Ameri- 
can railway companies. 

In the older shops very little attention seems to have 
been paid to the design of the building, most any old 
thing with a roof being used. Later shops are of brick 
with an apparent attempt to provide adequate light and 
ventilation but are poorly arranged for the prompt and 
economical pushing of work. Modern shops are given 
as much study as shops for large industrial establish- 
ments, and the details of choosing and placing tools, 
erecting pits, cranes and other features are considered 
settled only when as nearly perfect as they can be made. 

Modern buildings are usually of steel frame construc- 
tion with brick or concrete walls, but as much window 
space in the sides and roofs as possible. Especial at- 
tention is paid to stability, natural and artificial lighting, 


No Belts Overhead, 


machine shop to the erecting floor, some preferring them 
parallel and others at right angles, some with the ma- 
chine bay entirely in one section and at one side, others 
with two erecting bays and one machine bay between, 
and others preferring two machine bays with one erect- 
ing bay between. The majority, however, advocate and 
use a single erecting bay with a single machine bay par- 
allel thereto, a number of them having a gallery contain- 
ing light machines also. In several instances the boiler 
and tank shops are also under the same roof, sometimes 
in a bay and frequently at one end in order to use the 
main cranes. This makes a good arrangement and adds 
to the convenience of moving the boilers, plates, tubes 
and other materials, especially when making repairs re- 
quiring the complete dis-assembling and re-erection of the 
locomotive. 

The relative proportions of the various departments 
is another important consideration. Usually, the floor 
area bears a definite relation to the number of erecting 
stalls, but changes in the size and types of engines, higher 
steam pressures, differences in materials and changes in 
traffic handled all contribute to upset calculations some- 
times. Broadly speaking, the areas of the erecting floor 
and boiler departments should be about the same, with 
the machine tool section about 50% greater than the 
erecting floor area if new engines are to be built in ad- 
dition to extensive repairs. However, the output of the 
departments is the real factor to consider rather than the 
mere areas occupied, and this in turn will depend to a 
large degree upon the management of the departments 
and their equipment. a 

There seems to be no great advantage in one ar- 
rangement of erecting pits over any other, there being 
three now in use. These are the transverse, longitudi- 
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nal and diagonal, the transverse being necessary with 
transfer table service. But the use of heavy cranes now 
makes the moving of engines so easy that most recent 
shops have transverse pits with but two or three tracks 
extending outside of the building. A single large crane 
will serve such shops while the diagonal or “herring 
bone” arrangement demands two cranes to lift an en- 
gine, but of smaller capacity each. 

Provisions for the distribution of material must be 
such that it may be rapid, easy, economical and contin- 
uous, and preferably in a “straight line” movement. 
That is, the progress of work through the shops should 
be always forward instead of back and forth in order 
to facilitate handling. This can be accomplished by the 
provision of plenty of trucks, tracks, transfers and cranes, 
backed up by good management. And it might be added 
that a surplus of machines and tools is better than a 
shortage when it comes to keeping the rolling stock in 
service. 

At the present there is a tendency towards increasing 
the number of machine tools per pit. The average 1s 
between 6 and 8 per pit with many shops having from 
5 to 6, but the tendency is towards from 8 to 10 per pit 
in several! recent shops. When the full effect of scien 
tific methods of management have been realized it may 
be possible to return to the old proportion of 5 or 6, and 
still turn out more work in a given time. As to how 
many tools of each kind will be required there is no 
fixed rule, but a survey of the field shows the following 
proportions in existing shops: 

PERCENTAGE OF TOOLS OF EACH TYPE PER 
ERECTING PIT. 


arnt, LOOUS) wea cfd ak p stee s siete MME: <'s- 50% 
Gtting en OOlSt. nen Geen nee ere ae te oe 25% 
Drilling Tools 11% 
Grindingeakools, G.guecamions ces cee ere eens ke 7% 
IMiscellanGotics ssw se eae ne Cae ee ere 7% 


A short time ago a table was published in one of the 
railway papers giving the number of machine tools total 
and of each class per erecting pit, and this showed the 
average to be slightly over 9 tools per pit. The table is 
as follows: 


MACHINE TOOLS OF EACH CLASS PER PIT. 


[PSA ahacy Ot oe ee as re ist ee erie ae 3.925 
IBosIn oe Mi low ee oe ene ee eto eee eae 875 
Plated Sat cre, Sacra et a take beac Ne Sunken ater nes 1.00 
SHA PGESA meets fioho nee mie ee ECE ee Gee 
SOC ONS waestnct 42 coe hepeuc CAE eee eae a cen epee nae wor 458 
Millers Sateen Naa acre crete ante tee SWS 
Drills? Rabe ty. Soe ee eS ee ae eT re oe een 1.083 
(Gritidensmeertt een eee kite ee ee EP cone .666 
Mascell anos ese ce hate tee ree eon Ongar 708 
RIROt ALS. cee ene: tate ee heer See Ne Se ete AER 9.59 


Various tables have been published showing the num- 
ber of tools of each type and size for different numbers 
of pits, but they are usually more interesting than valu- 
able because of the differences in local conditions. The 
table above is merely a guide and not a safe and in- 
variable rule, although it is based upon average shops. 
For boiler shops the average is about one tool for every 
pit in the erecting shop, there being seldom more than 
one tool of each kind aside from drills and shears. 


The policy of the management regarding the stocking 
of repair parts and the degree to which standardization 
has been carried have a great influence upon the number 
of machine tools required. More tools will be necessary 
to get out work in a hurry if the stock is too small and 
fewer tools will be required for ordinary operation if 
parts are standardized fully. Special machines may be 
used also if parts are standard. 
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CAR SHOPS. 

Most railway shops comprise freight and passenger 
car shops and are equipped to make new cars as well as 
to repair old ones. The requirements in each case are 
similar, the materials being in a large measure the same. 
But the arrangements of the two are different, so we 
will consider them separately. They should both be 
near the mill, storage yard, truck shop, car machine shop, 
foundry and blacksmith shop afd be well provided with 
tracks of both standard and industrial service types. | 

In freight car shops longitudinal tracks are preferable, 
with material tracks between, the main tracks being 
placed on from 20 ft, to 22 ft. centers. In modern shops 
making heavy cars the use of overhead cranes is being 
adopted, especially where steel cars are either made or 
repaired. With four tracks the span of the crane will 
be 90 ft. and with twenty cars per track the building will 
be 1,000 ft. in length, allowing 50 ft. per car. 

Passenger car shops usually have the tracks running 
crosswise and are from 90 ft. wide for one car per track 
up to 225 ft. wide for three cars per track, with a trans- 
fer table along the outside. The paint shop is usually at 
the opposite side .of the transfer table from the coach 
shop and must be kept free from dust and dirt. Both 
of these shops require plenty of light and ventilation, 
some recent shops having window and skylight areas com- 


Combination Motor Driven Punch and Shear. 


Plenty of artificial light 


bined equal to the floor areas. 
must also be provided. 

‘Owing to the necessity of keeping the working force 
together during the slack period of each year most roads 
do a certain amount of new. car building. This will in- 
fluence the equipment but a very little because of the 
nature of the work done anyhow. Only one American 
road makes its own paint, the others preferring to buy 
it, although several of them do their own mixing. Ad- 
justable scaffolding is used in all of the newer shops and 
most of them have concrete floors. The transfer tables 
are electrically operated in the majority of cases, although 
a few of the older shops still use steam. The preferred 
location for the trolley wire is overhead and above the 
center line of the pit. 


BLACKSMITH SHOP. 

The blacksmith is another of the departments common 
to all of the other shops and should be located in as cen- 
tral a position as possible. At the same time it should 
be isolated as much as it can be in order to provide plenty 
of light and air, rather than made a part of some other 
building. It should be near the car and locomotive shops 
and not too far from the scrap yard and storehouse. In 
arranging the equipment inside it is desirable to keep the 
car and locomotive divisions separate because of the es- 
sential differences in the work required. This has re- 
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sulted in making some blacksmith shops L-shaped, with 
one end near the locomotive shop and containing the 
large hammers and furnaces and the other near the car 
department and containing the smaller machines such as 


Typical Electric Trolley for Shop Telpher Systems. 


bolt headers, shears, etc. In most cases, however, a 
rectangular building is satisfactory. 

Until recently swinging jib cranes were considered 
satisfactory for smith shops but in many late shops over- 
head cranes have been installed with the cages hanging 
low enough to protect the operator from the gases and 
smoke. Aside from the cranes and a few motors for 
driving punches, shears, etc., there is no electrical equip- 
ment used in blacksmith shops. Blowers for the furnaces 
are also motor driven in modern shops, velocities corre- 
sponding to pressures of 8 or 9 ounces being used for 
the blasts. Ojil is also superseding coal in modern shops 
for fuel, and reduces the amount of fumes. 

FOUNDRY. 

Prior to ten years ago foundries were not found in 
many railway shops, but recently the larger shops have 
practically all been equipped with foundries, especially 
for grey iron. Wheel shops are also found in many 
plants for making chilled car wheels in large quantities. 
None of the railroads have steel foundries or malleable 
iron foundries, although most of them have brass foun- 
dries. These are generally in the same building with 
the blacksmith shop but kept separate by means of a 
brick wall, but when an iron foundry exists it is a part 
of that building. The pattern shop should be located 
near the foundry and the patterns kept in a fire-proof 
building if possible. The foundry should be near the 
store house and castings storage yard, with good pro- 
visions for receiving raw materials. 

Every foundry should be provided with plenty of 
cranes for handling heavy flasks and castings. These 
should include a large one overhead in addition to sev- 
eral jib cranes along the walls, the latter being arranged 
so that they may be lifted by the overhead crane and 
moved from place to place to accommodate production. 
Easy means for transportation between the foundry and 
locomotive machine shop must also be provided on ac- 
count of the large number of heavy castings required 
there. 


RAILWAY ELECTRICAL ENGINEER 15 


The entire main floor should be available for moulding, 
and industrial tracks with turntables at the corners of 
the room should be installed. This should connect with 
the system of tracks in the storage yard to facilitate 
handling pig iron, scraps, coke, etc. An industrial track 
with a scale should be provided on the charging floor 
and an elevator must be added to raise material. Space 
should also be left for enough material to last at least 
one day in case of emergency. 

Foundries for railway shops are usually equipped with 
two cupolas of 18 or 20 tons capacity each and are gen- 
erally placed so as to be charged from the same floor. 
They should be placed in a side bay in such a way as to 
be within reach of the main traveling crane, when tapped. 
The fans, furnaces, core rooms and ovens, moulding ma- 
chines, etc., are usually in a side bay also. Cranes of 10 
tons capacity are most commonly used in railway foun- 
dries with hoists of from 1 to 5 tons capacity in the side 
bays. 

PLANING MILL. 

The obvious location for the planing mill is between 
the lumber yard and dry sheds and kiln on the one hand 
and the car shops on the other. The lumber yards are 
usually quite large and place? at one end of the yards 
and the freight car shops tse most of the material, so 
the location of the mill becomes easy. Several other 
departments use more or less finished lumber, notably the 
passenger car and locomotive cab shops, so convenience 
of access to them must also be considered. 


Typical Individual Drives with Automatic Starters. 


The mill building should be rather long in proportion 
to its width and a large percentage of the floor area 
should be left for handling material. The very general 
use of electric motors for driving mill machinery, either 
individually or in groups, has had its effect in simplifying 
the buildings somewhat, for engine and boiler annexes 
are no longer required. The waste from the mills is still 
used for fuel in the boiler room of the main power plant, 
provision for this usually being in the form of a hand- 
fired boiler. Ample natural lighting should be provided. 

Material should progress through the mill in a straight 
line and this is best accomplished by placing the heavy 
machines on one side of the room and the lighter ones 
on the other. The material should come first to the 
roughing machines, then the intermediates and finally to 
the finishers, but should be kept off the floor as much as 
possible. Skids and trucks are very convenient for this. 
The machines comprise planers, saws of various kinds, 
mortisers, tenoners, mou'ding machines, boring machines, 
gainers, matchers, etc., the larger ones being best driven 
individually with motors. 
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STOREHOUSES. 

Every railway shop should have a large general store- 
house with local store rooms in each department to save 
time. The general storehouse should be provided with 
outside platforms at the level of the car floors and be 
divided into sections for each kind of material. The 
uepartment store rooms or buildings should contain the 


Typical Air Operated Jib Cranes for Forge Shops. 


things used in each department such as lumber, iron and 
steel, castings, wheels, frames, etc., and small cranes 
should be provided for handling this material. Plenty 
of bins, racks and boxes should be provided for assorting 
and caring for this also. 

The storehouse is such a large item in any railway 
shop that it is worth a separate article for an adequate 
description, so we will not attempt to give much detail 
here. However, the location of the building should be 
such that it is convenient to all other departments, should 
be next to the main highway of intercommunication and 
large enough to accommodate all of the material without 
crowding. It may be several stories in height, if eleva- 
tors are provided, and should be fireproof. 


MISCELLANEOUS. 


The round house or engine house is really a sort of 
locomotive repair shop with a turntable in the center 
and is used for light repairs on locomotives to keep them 
in service. Its value depends upon the facility with 
which this may be done, so several roads follow the prac- 
tice of having small but well equipped repair shops ad- 
joining them. There is no standard yet for roundhouses 
although they are all on the same general plan, and they 
vary from about 200 ft. in diameter up to 350 ft. accord- 
ing to the number of stalls. 

Coaling stations, sand houses, cinder pits, turntables 
and other auxiliary buildings are required for all shops 
but will not be described here as they contain nothing of 
interest to the electrical men. The turn table is a possi- 
bie exception as it is usually motor operated. Series 
motors are used with controllers similar to the equip- 
ment on a street car. 

For large areas, such as locomotive machine shops 
foundries and yards, the flaming arc lamp is best stlited 
because of its high power and great penetrative ability. 
Mercury vapor lamps are used to some extent in medium 
sized shops and power plants, and tungsten lamps of vari- 
ous capacities, singly or in groups, are used to an in- 
creasing extent in machine shops, mills, power plants and 
many other places where there is no smoke to penetrate. 
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The best system of illumination for large shops is a. 
combination of flaming arc lamps for general illumination 
with tungsten clusters for group lighting and incandescent 
drop lights for machines. The individual lighting of 
machine tools is very important and is receiving more 
attention now than formerly. Good lighting consists in 
throwing the light on the work and not in the eyes of 
the worker. Any system which will do this and supply 
light enough to see clearly cannot be a very bad system, 
even though it be not perfect. 


Flaming arc lamps make good illuminants for yards and 
roadways about the shops and plenty of them should be 
installed to prevent accidents. This is especially im- 
portant where switching is being done at night if pedes- 
trians are passing. They are also best in foundries om 
account of the smoke in the air, as also in blacksmith 
shops. 

For the offices, drafting rooms and stations the indirect 
system of lighting is coming forward rapidly on account 
of its efficiency and very pleasing appearance as well as 
its freedom from glare. Carbon filament lamps stand’ 
the handling as drop and portable lights better than the | 
tungsten filament, although the new drawn wire type 
is much more rugged than those first made. Guards 
should be placed on all portables to protect them and to 
reduce the danger of fire. 

As stated in the beginning, this is such a large subject 
it cannot be covered in a single article like this, but we 
hope there has been something of interest herein for 
everybody. 


Typical Modern Car Shop, Showing Construction. 


For information regarding the proper machine tool 
equipment to use in each department, the reader is re- 
ferred to the article on the “Big Four” shops in this, 
same number of the RAILWAY ELECTRICAL ENGI- 
NEER. This is one of the most récent and up-to-date 
shops in America, and the equipment is typical of the 
most approved practice. Lists of tools for the various: 
departments are given at the end of that article which 
will be helpful. ; 


Consolidated Company Exhibits New Regulators. 


The Consolidated Ry. Elec. Lt. & Equip. Co. is exhib- 
iting their Type “D” and “F” axle lighting generators: 
and their new Type “L” lamp regulator at their Boot 
No. 614, out near the Convention Hall, on the Million- 
dollar Pier. 
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In making plans for the new roundhouse of the C. & 
N. W. Ry., at Butler, Wis., the management of that 
road decided to make comparative tests of some of the 
various systems of illumination suitable for this pur- 
pose. Five different systems in all were installed on 
trial, one of which is so radically different’ from any 
previous types of roundhouse lighting systems that it 
merits special consideration. Incidentally this was the 
one that gave the most satisfactory service and has 
since been adopted by that road as standard practice. 


Fig. 1. 


Showing Roundhouse Reflectors on the Wall. 


It employs of a special reflector designed by the Crouse- 
Hinds Co., for this service. This is really a modifica- 
tion of their street car headlight. These are mounted 
on the wall about 8 ft. from the floor as shown in the 
accompanying diagrams and illustrations. Two of the 
units are mounted at the further end of the aisle be- 
tween stalls and one at the rear. A bull’s-eye lens is 
placed in front of the lamp so that an effective dis- 
tribution of the light is obtained. The distribution 
curve of this unit is suchi that it gives a rather strong 
side light providing for a good illumination on the work 
benches along the wall and in the runway in front of 
the stalls and at the same time projects a powerful 
beam directly down the aisle between engines. It would 
seem, however, that if these units were mounted on 
wedge shaped blocks so as to direct the main flux of 
light from ‘one unit diagonally across the aisle onto 
the motion parts of the engine opposite and vice versa, 
a better illumination and more effective elimination of 
shadows would result. 

Although the lighting fixtures installed were of five 
different systems, a permanent installation of wiring in 
galvanized steel conduit was made. The roundhouse which 
is one of the largest built, making a complete circle, is 
divided into two main circuits, each of which feed from 
a 7% k.w. transformer mounted on poles on opposite 
sides of the roundhouse. From each of these trans- 
formers the main circuits are led as a three wire 110- 
220 volt system to a panel distributing board. There are 
10 circuit switches on each panel, each of which pro- 
vide for lighting three stalls. These wires are placed 
in conduit which is of tapering section. That is, the 
first third of the run is in 1% in. conduit, next 1 in. 
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A New Type of Roundhouse Lighting 


anil then 34 in. At each of the stalls a four way con- 
dulet is placed so as to permit of tapping in each indi- 
vidual stall circuit. A push button condulet switch is 
placed at each stall so that any one of the stalls may be 
lit or turned off as desired. The light at the rear end 
of the stall is also controlled by this switch and the 
wiring is carried through pipe conduit on the roof 
trusses. A plug for a drop light is installed on the for- 
ward post of each stall so as to provide a drop light 
for use in the cab and inside the boilers. 

The five systems instailed on trial were as follows: 

(a) 2 Crouse-Hinds roundhouse reflectors, each with 
a 40 watt tungsten lamp at the forward end of the stall 
and a similar reflector at the rear. 

(b) 1 Crouse-Hinds roundhouse reflector with 40 
watt lamp at the forward end of stall and one at the 
réat 

(c) 1 Crouse-Hinds roundhouse reflector at forward 
end of stall and one 60 watt lamp in flat cone reflector 
at the rear end of the stall. 

(d) 2 Crouse-Hinds reflectors with 40 watt lamps 
at the forward end of the stall and one flat cone re- 
flector with 60 watt lamp at the rear. 

(e) 1 60-watt lamp in flat cone reflector at the for- 
ward end and one 60-watt lamp in flat cone reflector 
at the rear. 

Of these ‘five installations the one having 3 Crouse- 
Hinds roundhouse reflectors seems to give the best illu- 
mination on the parts where that illumination is most 
needed and because they are placed low, out of the smoke 
zone and where they are accessible and the cleaning is a 
simple matter, the reflectors seem to be particularly well 


Fig. 2. 


Roundhouse Reflector. 


adapted to roundhouse lighting. The benches along the 
wall of the aisle in front of the stalls are well illumin- 
ated, while the main beam of light was projected right 
down on the motion parts of the engine where repairs. 
are most often made. 

Installation (b) using two of these reflectors only, 
one at the front and one at the rear, seems to be hardly 
sufficient although it is understood that further modifi- 


18 RAILWAY ELECTRICAL ENGINEER 


cation of this reflector will be made so as to accommo- 
date a 60 watt lamp which will give more intense light- 
ing. The flat cone reflectors, while they give better il- 
lumination in the ailes in front of the stalls, do not 


Fig. 3. 


Engine Room Butler Roundhouse C. & N. W. R. R. 


seem to light up the motion parts of the engines quite 
as well as the Crouse-Hinds roundhouse reflectors do. 

This roundhouse is designed to take care of freight 
engines on the cutoff around Milwaukee and has a total 
of 58 stalls, one of the largest roundhouses made. A 
small but well equipped machine shop is provided so 
that a certain amount of repairing can be done right 
on the spot. To provide power for these motor driven 
tools as well as two large moto: driven ventilating fans, 
coal hoists, well pumps, roundhouse lighting, etc., a 
complete little poryer house with the following equip- 
ment has been installed. 

1 200 k. w., 480-volt, 3-phase a.c. G. E. generator, 
direct connected to a 225-h. p., 4-valve Ball engine of 
225 fr. p.m: 

1 200 k.w., 480-volt, 3-phase a, c. G. E. generator, 
200 r. p. m. direct connected to a 317-h.p., 4-valve Rus- 
sell engine. 

1 marine engine generator set 10 k. w., 125 volt, d.c. 

1 10-k.w. motor generator set 125 volt d. c. 440 
3-phase a. c. induction motor speed 1800. 

650-h.p. boilers. 

1 air compressor. 

4 panel switch board, as follows: 

(a) Engine No. 1, (b) engine No. 2, (c- feeder, (d- 
exciter. A Tirrell regulator is provided for maintain- 
ing constant voltage of the alternators and the usual 
number of ammeters, voltmeters, and circuit breakers 
are supplied. 


GRADUATE SCHOLARSHIPS IN ELECTRICAL EN- 
GINEERING AT THE MASSACHUSETS INSTI- 
TUTE OF TECHNOLOGY. 

The Committee on Graduate Scholarships has recom- 
mended scholarships for Messrs. R. D. Huxley A. L. 
Matte, LC, Tomlinson: io Braycand) H. E. Dexter 
who are candidates for advanced degrees in Electrical 
Engineering at the Massachusetts Institute of Techno- 
logy. Three of these young men are candidates for the 
degree of Doctor of Engineering. The popularity of 
the post graduate study of Electrical Engineering at the 
Institute continues to increase. A number of Master’s 
degrees in Electrical Engineering will be granted this 
year in addition to fifty or more Bachelor’s degrees. 
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CAR CLEANING EN ROUTE. 


With the advent of the portable vacuum cleaner, the 
problem of cleaning cars of through trains becomes a 
much simpler one. Formerly at division points a few. 
car cleaners invaded the Pullmans and observation car 
with broom and dustpan much to the discomfort of the 
passengers. With the improved portable vacuum cleaner, 
however, this can be done very easily at any time by the 
porter in the car with but little inconvenience if any, to 
the passengers. 

The portable cleaner shown in the accompanying illus- 
tration is one of a new type especially designed for rail- 
way car service, in that it is light and very compact, re- 
quiring only ‘about the same space an ordinary broom 


Vacuum Cleaner in Service. 


would occupy, so that it can be placed on the back of any 
locker door. 


For general cleaning such as floors, seat cushions and 
backs, the hose is detached and the cleaner itself is 
used. 


All mechanical parts with the exception of the motor 
are of highly polished aluminum so as to give an attrac- 
tive appearance. A dust proof bag collects all the dirt 
which is picked up, and is emptied by the car cleaners in 
the terminal coach yard. 

Though small, the Utility electric cleaner shown here- 
with has a very powerful motor and is fully as effective 
as many of the larger and heavier types. 

Motors are supplied to operate on any of the standard 
car lighting voltages of 110, 64 or 32. A 110 volt, 
a.c. motor can also be furnished for office or depot 
service. 
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Voltage-Current Controlling Regulator 


SAFETY TYPE “F” EQUIPMENT 


It is a well established fact that if a lead battery has 
a voltage of 2.5 volts per cell impressed across its ter- 
minals it will automatically take a charge best suited to 
its needs. That is, the charge will start at a high rate 
and will automatically taper to nearly zero as the bat- 
tery becomes full, corresponding to a stop charge. 

Where the size of the generator unit is necessarily 
limited, as in the case of the car lighting generator, the 
high current flow at the beginning of this charge, par- 
ticularly when the lights are on, would be far in excess 
of the capacity of the generator; it is therefore neces- 
sary to prevent the generator from being overloaded 
under such conditions. This is accomplished in a type 
“F” regulator by a combined current and voltage con- 
trol, the current control being effective at the beginning 
of charge and prevents the generator from being over- 
loaded excessively, while the voltage control becomes 
effective near the end of charge and operates to diminish 
the battery charging current to a low value when it is 
no longer needed. 


Type “F” Dynamo Regulator. 

The dynamo regulator consists of two pieces of ap- 
paratus, the field regulator and the main switch. The 
main switch is of the closed magnetic circuit form with 


Fig. 1. 


Type “F’’ Lamp Regulator. 


hinged armature carrying a heavy laminated copper con- 
tact, the whole being of the same design that is uni- 
versally used for contactors for street railway work and 
in circuit breakers and other switch apparatus. 

The field regulator consists of two coils, a series coil 
carrying the total generator output, and a voltage cell, 
connected directly across the generator and subject at 
all times to generator voltage. The plungers of these 


two coils, acting through independent levers, vary the 
pressure on the field resistance carbons, giving the 
proper field current strength to regulate the generator 
output for all conditions of speed and battery charge. 
The voltage coil prevents the voltage impressed on the 


oR” 


Type 


Dynamo Regulator. 


battery rising about 40 volts and the series coil prevents 
the total current given out by the generator rising above 
its desired output. 


The operation of this is essentially the same as the 
type “D”; that is, the generator is completely protected 
against overload, the batteries can never be overcharged, 
and at the same time, when the batteries are empty, they 
can be charged in the minimum length of time. This 
result is accomplished with two pieces of apparatus on 
the regulator instead of three as on type “D”. 


Type “F” Lamp Regulator. 


In order to emphasize the importance of accurate 
lamp regulation, it should be noted that if the voltage 
delivered to an electric lamp drops 3 per cent below 
normal, the available candle power of the lamp drops 
10 per cent; if the voltage drops 5 per cent the candle 
power drops 18 per cent. If the voltage on the lamps 
is 3 per cent above normal, the life of the lamp is re- 
duced 33 per cent, and if the voltage is 5 per cent above 
normal, the life is reduced 50 per cent. It has been the 
aim of the Safety Company in the design of lamp reg- 
ulators to accomplish the closest possible lamp regula~- 
tion with the fewest number of parts. 


The Type “D” lamp regulator has demonstrated in 
service that it is possible to satisfactorily regulate the 


ce 


lamp voltage by using a carbon pile resistance in series 
with the lamps, an electro magnet regulating the pres- 
sure upon this carbon pile and a control apparatus con- 
trolling the strength of the electro magnet and causing 
The type 


it to respond to variations in lamp voltage. 
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ful design and the use of the proper materials of con- 
struction. 

If the lamp voltage is increased, the pull of the elec- 
tro magnet is increased and the pressure upon the car- 
bons reduced; their resistance is thereby increased until 


Fig. 4. 


“F” lamp regulator is a perfected type “D’’, the same 
regulation being accomplished without a means of con- 
trol exterior to the lamp regulator proper. The actuat- 
ing magnet is connected directly across the lamps; the 
regulator is so carefully designed and built that it will 
respond to the smallest variations in lamp voltage. 
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Fig. 4. Diagram of Connections with Lamp Regulator under Car. 
The type “F” lamp regulator consists of two carbon 
pile resistances connected in series with the lamps. The 
carbons are compressed by a coil spring, which is con- 
nected by a link, acting through a toggle mechanism to 
the armature of the actuating magnet. The pull of the 
spring is opposed by the pull of the electro magnet. The 
coil of this magnet is connected directly across the lamp 
mains. The pull of the spring 1s adjusted so that it will 
balance the pull of the magnet through its stroke when 
the lamp voltage is at the desired value. Mechanical 
friction and hysteresis are reduced to low value by care- 


Diagram of Connections with Lamp Regulator in Car. 
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the lamp voltage is again normal. If the lamp voltage . 
is reduced, the opposite action takes place, the magnet 
being weakened and the carbons more tightly compressed, 
reducing their resistance and bringing the lamp voltage 
back to normal. 

The type “F” lamp regulator is one simple piece of 
apparatus and, consisting as it does of only a carbon 
pile in series with the lamps and a magnet connected 
across the lamps, there is absolutely nothing to get out of 
order. The operation is very simple, and most reliable, 
because the voltage regulation depends only upon the 
balance between a magnet pull and a spring pull, with- 
out the use of any control apparatus such as carbon pile, 
controls, buzzers or vibrators. 

ANNUAL PASSES FOR OLD EMPLOYEES. 

As a reward for faithful service, the Management 
of the Missouri Pacific-Iron Mountain Railroad has de- 
cided to issue annual passes to employes who have 
worked for that company fifteen years or longer. 

About 1,500 employes will receive these passes, in- 
cluding Agents, Conductors, Engineers, Brakemen, 
Train, Baggagemen, Switchmen, Firemen, Hostlers, Tele- 
eraphers, Bridge & Building Foremen and Section Fore- 
men. 

The rules covering the extension of this courtesy to 
employes are: For fifteen years continuous service an em- 
ploye receives annual transportation for himself over 
the division on which he is employed; for twenty years 
continuous service an annual pass for himself and wife 
over the division, and after twenty-five years continuous 
service annual transportation for himself and wife over 
the entire Missouri Pacific-Iron Mountain System of 
nearly 7,300 miles. 


CIRCUIT BREAKERS. 


The type F circuit breaker manufactured by the 
Westinghouse Elec. & Mfg. Co., is described in folder 
No. 4049. 

These breakers are designed for 250 volt alternating 
current and 440 volt direct current. They are equipped 
with the usual carbon break points and are :nade in 
various types including automatic overioad release with 
shunt trip coil, and non-automatic with shunt trip. Re- 
verse-current trip and over-voltage features can also 
be provided. 
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Shop Series No. 13 


Beech Grove Shops of the C. C. C. & St. L. Ry. 


The new shops of the “Big Four’ R. R. at Beech 
Grove, Ind., a suburb of Indianapolis, are one of the 
best examples of up-to-date shop building in America. 


pended from the extra heavy roof trusses. This gives 
an entirely clear first floor with plenty of room for 
handling lumber. All of the way through, these build- 
ings are unusually well built, lighted and ventilated, and 
adequate space has been provided for economy in pro- 
duction without crowding. 


General View of Big 4 Shops. 


These shops are very well laid out and equipped, the 
buildings are roomy and substantial and everything 
about the place speaks well for the men who have and 
have had the matter in charge. While the shops are not 
entirely completed or equipped, they are nearly so, and 
work is being done quickly, economically and well. 

The general layout is based upon having a main crane- 
way along the center of the yards, with all buildings 
tributary thereto, and a transfer-table between the car 
repair and paint shops. Reference to the layout shown 
herewith will show the functions and relative locations 
of the various buildings, and the system of tunnels con- 
necting the power house with them for electric wiring 
and steam pipes. The practice of locating those build- 
ings which have the most intimate relation with the 
others near the center of the group has been followed 
here, and the power plant, general store-house and 
blacksmith shop are so located. 

The yard craneway spans a storage space and the 
transfer-table serving the car shops runs in under it far 
enough to be served by the main crane. Space has been 
allowed around the present buildings for growth and 
the addition of other buildings without interference, and 
with due regard to operation of the departments econom- 
ically regardless of how large they may grow. No 
round-house has been provided here, it being considered 
satisfactory to do light and heavy repairs under the same 
conditions in the locomotive machine shop or in the 
yards. A turntable has been placed in the material and 
stripping yards between the boiler and tank shops with 
tracks running into the locomotive shop for easy access 
for repairs. 

The buildings are all of heavy steel frame construc- 
tion with brick filling-in walls and large window areas 
and skylights. Concrete has been used freely wherever 
possible, the main storehouse and office building being 
especially massive. The second floor of the wood work- 
ing mill is of steel framing, filled with concrete and sus- 


All work done in these shops is on a piece-work basis, 
the rates being fair and absolutely permanent, and the 
men earn unusually high wages and are contented. As 
is usual under such conditions, they are of a high class 
and turn out large quantities of work with a minimum 
of supervision and rejections. There is also an excel- 
lent school for apprentices here with from 80 to 90 boys 
always attending. 


This school occupies two large rooms in the office 
building, one of which is fitted with desks and the other 
with drawing tables and the models of equipment and 
parts. The boys start in at a minimum of 17 years of 
age and attend four years, a certificate being given them 
upon the satisfactory completion of the course. En- 
trance examinations in spelling, arithmetic and _ letter 
writing must be satisfactorily passed and they must be 
of good character before being accepted. Recitations 
are held twice each week, of two. hours each, these 
taking place during the morning, and four sheets of 
problems must be done at home each month. 


All detail drawings for the shops are made by the 
older apprentices and they get a thorough shop training 
in all departments in addition to a good theoretical train- 
ing in machine design, mathematics and other related 
subjects. The class rooms contain models of pumps, air 
brakes, locomotive running gears, Walschaert and Stev- 
enson valve gears, boilers and fire-boxes and numerous 
others parts of locomotives and cars. There is also a 
heavy jack with a scale beam and weights for studying 
leverages. All of the models used here were made by 
the apprentices in connection with their studies and are 
substantial and well made and finished. This work is 
carried on under the direction of the Superintendent of 
Motive Power, Mr. Wm. Garstang, in accordance witli 
a course developed for all of the shops on the New York 
Central Lines. 

Electric power is used throughout these shops for all 
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machine tools, except a few air operated ones and some 
hoists, both alternating and direct current being used. 
All current is generated in the local power plant, there 
being a total a.c. generator capacity of 1500 k. w. at 100 
per ct. power factor. The present power factor varies 
from 65 per ct. to 75 per ct., and the shop load factor is 
33 per ct. Direct current is obtained from two 300 k. w. 
motor driven generators. About 10 per ct. of the total 
power generated is used for lighting and about 60 per ct. 
for cranes. Alternating current is generated at 480 
volts, 60 cycle, three phase, and direct current at 125- 
250 volts for three-wire distribution. 
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2 Westinghouse motor-generator sets, each consisting of 
1 450 h. p., 480 volt, 3-phase, 60 cycle induc. motor. 
1 300 k. w., 3-wire, 125/250 volt d.c. generator. 

blue Vermont marble switchboard of 22 panels. 

oil switch panels for motor generator sets. 

gauge panels for steam and air apparatus. 

air compressors, driven by horizontal cross-compound 

steam engines. 

The switchboard is 90” high and contains Westing- 

house meters and switches, all wiring is carried down 

through the floor and the arrangement of the panels is 

as follows, starting at the left: 
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General 


Power Plant and Distribution System. 


The power house is divided into three sections, boiler, 
auxiliary and engine rooms, with a basement below and 
a large concrete stack in the boiler section. There are 
10 Babcock and Wilson 400 h. p. boilers with automatic 
stokers and chain grates, the stack being located near 
the center of the row. Coal is brought to the side of the 
building in hopper-cars, dropped through a chute into 


a Link-Belt conveyor and carried to the concrete bunkers ~ 


overhead in the boiler room. From here it is fed through 
spouts to the hoppers of the stokers and the ashes drop 
into ash hoppers below the grates, from which the con- 
veyor carries them up to ash bunkers for removal. 

Intermediate between the boiler and engine rooms is 
the room containing the pumps, steam pipes and miscel- 
laneous auxiliaries. All of the pumps are located in the 
basement, but the main floor is cut away so that it forms 
merely a gallery and the pump room receives good light 
from the skylight. The two large Webster vacuum feed- 
water heaters, purifiers and filters are located on the 
main floor, all other auxiliaries being down stairs with 
the pumps. The steam pipes from the boilers pass 
through this room. to the basement under the engine 
room and up through the floor to the engines. 

The engine room is very well supplied with windows 
and the arrangement of apparatus is such as to allow for 
considerable extension, and a large overhead crane is 
provided for convenient handling of heavy equipment. 
The switchboard is at one side of the room near the 
center and the machine equipment is as follows :— 

3 Westinghouse-Parsons 500 k.w., 60 cycle, 3-phase, 

480 volt turbo-generator sets. 

2 Westinghouse 40 k.w., 125 volt, 350 r.p.m. engine 
driven exciters. 
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Layout of Shop. 


Swinging bracket and T. A. regulator. 


Panel No. 1—A.C. series arc lighting. 
Panel No. 2—D.C. power and lighting. 
Panel No. 3—D.C. power and lighting. 
Panel No. 4—D.C. power and lighting. 
Panel No. 5—D.C. power and lighting. 
Panel No. 6—D.C. power and lighting. 
Panel No. 7—D.C. power and lighting. 
Panel No. 8—D.C. motor-generator set No. 1. 
Panel No. 9—D.C. motor-generator set No. 2. 
Panel No. 10—D.C. exciters. 
Panel No. 11—Blank. 
Panel No. 12—Blank. 
Panel No. 13—A.C. generator No. 1. 
Panel No. 14—A.C. generator No. 2. 
Panel No. 15—A.C. generator No. 3. 
Panel No. 16—Totalizing panel. 
Panel No. 17—-A.C. power feeder. 
Panel No. 18—A.C. power feeder. 
Panel No. 19—A.C. power feeder. 
Panel No. 20—-A.C. power feeder. 
Panel No. 21—A.C. power feeder. 
Panel No. 22—A.C. power feeder. 


All wiring for power and lighting in the shops is car- 
ried from the power house to the various buildings un- 
derground. The first cables laid were rubber covered 
and lead sheathed, single conductor for d.c. power and 
3-conductor for a.c. power, all run in single-bore vitri- 
fied ducts installed alongside the tunnel wall and termin- 
ating in manholes opposite each building. All of the 
later cables are paper insulated and lead sheathed, single 
conductor for d.c. and 3-conductor for a.c., the same as 
the older ones, but run in multiple bore vitrified ducts 
for simplicity in installing. The wiring diagram given 
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herewith shows the distribution system in such detail 
that it is not necessary to describe it otherwise, but it is 
worthy of note that all buildings are wired on the “loop” 
method in order to provide against failures. 

At the end of each building is a manhole containing 
a main distributing panel controlling both the 440 volt 
a.c. and the 110/220 volt d.c. circuits. From here the 


Power House, Store House and Office Building and Yard Craneway. 


risers go up through iron conduit and along the root 
trusses or walls, as the case may be, on insulators, with 
all branches carried in conduits. Tie panels are also 
installed at the ends of the buildings to complete the 
loops, separate risers being run up from the main dis- 
tributing panels for the crane trolleys where cranes are 
used, with tie panels for crane feeders also. This 
method has been followed for both a.c. and d.c. wiring 
throughout. 

Plug receptacles have been freely placed at all points 
in every building where there may ever be any desire 
to use a portable lamp or small tool. Plugs with packing 
house cords 35 and 50 feet long are provided and fitted 
with sockets and lamp guards. All wires for branch 
circuits are rubber covered and run in conduits, with 
Condulet fittings and porcelain bushings at all outlets. 
The entire installation is absolutely first class in every 
respect and nothing of real value seems to have been 
overlooked. 

Nearly all of the machine tools in these shops were 
bought new, very few of the old ones being brought 
from the Brightwood Shops which burned. Thus, they 
are all fitted with suitable motors and are in first class 
condition, most of them having been bought in 1907 
and the balance in 1911. Three phase induction motors 
are used in nearly all places where constant speed is 
required and direct current motors in nearly all places 
requiring variable speeds. Most of the a.c. motors were 
bought from the General Electric Co. and most of the 
d.c. motors from the Westinghouse Co. 

The wiring to the motors at the machines is run in 
conduits embedded in the floor concrete after the ma- 
chines were located. In nearly all cases fuse blocks are 
placed near the feeder cables in every branch circuit 
running to a motor, each block being in an iron box tapped 
to take the conduit. Motor starting panels are located 
near the motor driving each machine not in a group, 
those for a.c. motors having starting compensators and 
those for d.c. motors having drum controllers, or dial 
switches, and resistances. Iron grid resistances are gen- 
erally used, they standing continuous heating better than 
any other kind. 

Cooper-Hewitt mercury vapor lights are used in some 
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of the shops, but most of them are quipped with single 
tungsten, 250 watt lamps with porcelain enamelled steel 
reflectors. Further reference will be made to the light- 
ing system. 

Locomotive Machine Shop. 


The locomotive machine and erecting shop is the larg- 
est of all, as is usually the case, being 310 ft. wide by 
975 ft. long. It is divided into 5 bays, the center one 
being 40 ft. wide and containing a gallery full length 
and width. In this bay are all of the machine tools used 
on locomotive work, the smaller ones being arranged 
in groups and driven from short line shafts and the 
larger ones having individual motors. Up on the gallery 
or second floor of the machinery bay are located the 
sheet metal department and the tool room, together with 
two enormous wash rooms and toilets, three sets of 
engine driven blowers for the heating system, each con- 
sisting of two large fans, and a small electrical repair 
shop. 

The two intermediate bays, one each side of the cen- 
ter, contain a few large tools such as lathes and planers 
ranged alongside the center bay, and short tracks for 


Engine Room in Power House. 


storing wheels and trucks from the locomotives while 
being repaired. A wide aisle runs along the center of 
each intermediate bay containing a track, and a 10 ton 
crane spans each of them. These bays are each 65 ft. 
wide and, together with the central bay, are covered 
with a saw tooth roof. 

The two outside bays are each 70 ft. wide and contain 
the locomotive erecting floors and pits. Each of these 
bays contains a 120 ton crane and a 10 ton crane, the 
latter running on a lower track than the former. Each 
120 ton crane has two hoisting trolleys. There are also 
several small jib cranes in the intermediate bays with 
air hoists for handling heavy parts for the machine tools. 
The large wheel lathes are equipped with variable speed 
d.c. motors with drum controllers and circuit breakers. 
All wiring to tools is in conduits embedded in the floor 
and Cooper-Hewitt lights are used for general illumina- 
tion. There is no local illumination provided excepting 
by means of the portable lights on long leaders. Recep- 
tacles for extension plugs are provided for this purpose. 

The locomotive shop is really three buildings with two 
covered yards between, somewhat as at the Sayre, Pa,, 
shops of the Lehigh Valley R. R., the main difference 
being that the Sayre shop has five bays instead of three. 
The capacities of the cranes at Beech Grove are as fol- 
lows 
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2 120 tons each, over erecting floors in outer bays, each 
with 
1 bridge motor, 45 h.p. 
2 hoist motors, 45 h.p. each. 
2 trolley motors, 15 h.p. each. 
4 10 tons each, 2 in erecting bays, 2 in intermediate bays, 
each with 
1 bridge motor, 15 h.p. 
1 hoist motor, 25 h.p. 
1 trolley motor, 3% h.p. 
Passenger Car Shops. 

At present there are no freight car shops at this plant, 
but provision has been made to add such shops later. 
The coach shop and paint shop are at one end of the 
main craneway with their own transfer table between, 
and are 177 by 442 ft. in size, each. Each side of the 
transfer, outside of the buildings, are short tracks of 
sufficient length to take one long coach, these being con- 
tinuations of the tracks inside the shops. The coach 
shop is divided into 5 bays, somewhat like the locomo- 
tive shop, the center and two outside bays having travel- 
ing cranes overhead and the intermediates having adjust- 
able scaffolding for car workers. 

This building is well lighted by large skylights and 
has a concrete floor throughout. Across the two ends 
of the building are subsidiary departments, the truck 
department being in the north end with a cross running 
traveling crane and the upholstery, sheet metal and elec- 
trical departments for car equipment in the south end. 
The method of operating is to run the cars into the in- 
termediate bays, remove the trucks, if necessary, and 


Portion of Machine Tool Bay of Locomotive Shop. 
tun them to the outside bays for light work. 
require general overhauling they are carried to the north 
end by the cranes. 

At one side of the truck section is a motor driven 
wheel lathe for car wheels, this being electrically driven 
by Westinghouse variable speed d.c. motor controlled 
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by a solenoid switch type automatic starter. For reduc- 
ing the speed when approaching a hard spot in a wheel, 
there is a push button mounted on the lathe frame which 
cuts out a part of the field rheostat at the will of the 
operator. A smaller motor is also provided for operat- 
ing the tail stock. 

An interesting feature of this shop is the method of 
operating the cranes. They are all equipped with elec- 
tric motors for each direction of travel, etc., but instead 
of having an operator up in the cage there are nine 
cords run down to a panel board. This board is hori- 
zontally mounted, has a hole for each cord to pass 
through and each hole is marked according to the func- 
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tion of each cord. Wooden handles are attached to the 
lower end of each cord, and the uses of the cords are 
as follows: 

Bridge—forward and back. 

Trolley—tright and left. 

Hoist—raise and lower. 

Switch—in and out. 

Circuit breaker—close. 

The circuit breaker is arranged to open on failure of 
voltage and must be closed before pulling any of the 


View of One Intermediate Bay in Locomotive Machine Shop. 


other cords. All cranes in the coach shop are so equip- 
ped, their capacities being as follows: 
1 30 tons, over center aisle, containing 
1 bridge motor, 12 h.p. 
1 hoist motor, 32 h.p. 
1 trolley motor, 8 h.p. 
2 30 tons each, in outside bays, each with 
1 bridge motor, 12 h.p. 
1 hoist motor, 32 h.p. 
1 trolley motor, 8 h.p. 
1 10 ton crane in north end, for truck section, contain- 
ing 
1 bridge motor, 8 h.p. 
1 hoist motor, 25 h.p. 
1 trolley motor, 5 h.p. 

Plug receptacles are mounted on every column along 
the center aisle and pipe racks are stationed outside the 
south end of the building. 

The coach paint shop has spaces for two coaches each 
side of the center aisle and has two plug receptacles on 
each column. In both the coach repair and paint shops 
the steam pipes for heating are run overhead with coils 
or radiators on the side and end walls. Both of these 
shops are lighted with 250 watt single Mazda units. 
Blacksmith Shop. 

The blacksmith or forge shop lies between the loco- 
motive machine shop and the coach repair shop and is 
154 ft. wide by 344 ft. long. It is divided into three 
bays, the steam hammers and large forges being in the 
center section and served by an overhead traveling crane. 
Along the sides are several small jib cranes with hand 
operated chain blocks and tackle. The smaller tools, 
furnaces, etc. are in the side bays where bolts, springs, 
etc. are made. The shop office and lavatories are on a 
gallery at one side and stock racks are located in the 
yard nearby. The crane in this shop has a capacity of 
10 tons and is equipped as follows: ~ 

1 bridge motor,’15 h.p. 

1 hoist motor, 25 h.p.’ 

1 trolley motor, 3% h.p. 


Boiler and Tank Shops. 


These departments are located in the two buildings at 
the westerly end of the yard and near the locomotive 
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shop, each having its own building. The Tank Shop 
contains very few machine tools, but since work is done 
here on tanks, cabs and pilots there is a small wood- 
working section at one end containing several machines. 
These are listed at the end of this article with the others. 
Three-phase induction motors with starting compensa- 
tors and circuit breakers are used for all of the tools 
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First Floor of Woodworking Mill. 


in this shop, except that for one of the bending rolls. 
This is large and has a variable speed a.c. motor with 
a drum controller and rheostat. 

The building containing the boiler shop is larger than 
the tank shop, being 126 ft. by 564 ft., against 76 ft. by 
504 ft. for the tank shop. It is divided into two bays 
with a crane in each, while the tank contains a single 
crane. The boiler shop contains a very complete equip- 
ment of motor driven punches, shears, presses, etc., and 
the following overhead traveling cranes in addition to 
some air operated jib cranes: 

1 30 tons, over boiler section, containing 
1 bridge motor, 45 h.p. 
1 hoist motor, 45 h.p. 
1 trolley motor, 7% h.p. 
1 10 tons, over machine section, containing 
1 bridge motor, 7% h.p. 
1 hoist motor, 25 h.p. 
1 trolley motor, 3% h.p. 

The crane in the tank shop has a total capacity of 30 
tons and is ‘fitted with two hoisting trolleys, each as fol- 
lows: 

1 hoist motor, 25 h.p. 
1 traverse motor, 5 h.p. 


The bridge operating motor is of 32 h.p. 


Wood Working Mill. 


The building containing this department is in some 
respects the most interesting one in the plant. The 
heavier work is done on the first floor, all machines being 
ranged along the sides of a main aisle and being individ- 
ually driven by constant speed induction motors fitted 
with starting compensators. The freedom from un- 
sightly belts and countershafting is a pleasing contrast 
with most shops, and the room is very light and pleasant 
to work in. A track down the center makes the handling 
of material convenient, and numerous hand trucks are 
provided. . 

On the second floor is the cabinet shop and lighter 
wood work section. The floor is of concrete on a steel 
frame suspended from the roof trusses by two rows of 
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steel inverted columns, so the appearance is that of any 
room with columns dividing it into sections. The mas- 
siveness of the roof trusses is strikingly apparent, they 
being also arched over like the roof of a train shed or 
armory. There is no perceptible vibration, however, 
when most of the machines are running. No provision 
has been made yet for removing the shavings, but an 
exhaust system is to be installed later. The machinery 
is of the latest and best pattern, all new in 1911, and is 
listed herein. 

Direct heating is provided by steam coils at the sides 
and all wiring is carried in iron conduits from the dis- 
tribution panels to the motor panels, containing circuit- 
breakers. The tool room for this shop is located over 
the lavatories and foreman’s office on the first floor. 
Two electric elevators are installed, one at each end of 
the building, and single Mazda lamps are used through- 
out. Guards are placed around all motors and belts, and 
hoods over the motors to keep sawdust off of them. Fire 
hose is located at frequent intervals along the walls and 
such precautions speak well for the policy of the man- 
agement. 

Wheel Shop. 

The main wheel shop is located in its own building 
north of the main storehouse and is equipped with wheel 
presses and boring mills. Air operated hoists on jib 
cranes are located near the machine tools for handling 
wheels, and single tungsten lamps are used for lighting. 
A track runs through this shop for bringing wheels in 


Apprentices Class and Drafting Room. 


from the storage yards outside, these tracks being at 
right angles to the general yard track system. An air 
brake section is installed in one corner of the wheel shop 
at present, but will be moved to permanent quarters. 
upon the completion of other buildings. 

The wiring diagram herewith shows the motors in 
the wheel shop as being alternating current motors, but 
since that diagram was made it was decided to install 
direct current motors here on account of speed varia- 
tion. This has been done for all machines herein. 
Storehouse and Office Building. 

The main storehouse occupies the two lower floors of 
the brick and concrete building to the north of the loco- 
motive shop and alongside the main craneway. A wide 
platform runs along each side and extends to the west, 
this being on a line with car floors. Later this platform 
will be extended to surround a foundry which is to be 
built west of the storehouse. The columns and floor 
girders in the storehouse are of concrete, very heavy, 
and the floors are also of concrete with a hard finish 
to stand trucking. 

Large racks and bins are placed in each section of the 
stockrooms for the various pieces and everything is in 
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first class condition. Large windows supply plenty of 
light and artificial light is from single tungsten lamps. 
Two electric elevators connect the floors with automatic 
stops above and below. 

The offices are on the third floor with the appren- 
tices’ school. The concrete floor has been covered with 
a wood floor here and glass partitions separate the offices 
from the main hallway. The Superintendent of Shops, 
Mr. R. J. Williams, and his assistants, together with the 
Mechanical Engineer, Mr. C. A. Brandt, and his assist- 
ants, have their offices here with Mr. M. J. McCarthy, 
Asst. Supt. of Motive Power. 

The traveling crane over the main craneway through 
the yards has a capacity of 10 tons and is motored as 
follows: 

1 bridge motor, 25 h.p. 

1 hoist motor, 25 h.p. 

1 trolley motor, 3% h.p. 

The length of this craneway is approximately one- 
third of a mile, and rough stock of various sorts is 
stacked along it temporarily. This craneway forms the 
main intercommunicating highway between the various 
departments, most of which are tributary to it. 


Lighting System. 


Direct current is used throughout for lighting, distri- 
bution being on the three-wire system at 110/220 volts. 
Loricated conduits are used where necessary and open 
wiring where the roof construction permits. All light- 
ing panels are with three-wire mains and two-wire 
branches to balance the load. After a careful investiga- 
tion covering the field, the following lighting units were 
adopted : 

250 watt clear Mazda lamps with 18’’ white enamelled 
steel reflectors. 


60 watt clear Mazda lamps with 14’’ white enamelled 
steel reflectors. 


6.5 amp. 110 volt G. E. No. 26 multiple luminous arc 
lamps, clear globes. 


385 watt, type “P” Cooper-Hewitt mercury vapor 
lamps. 


The lighting fixtures are all single units with steel 
shades and stems of proper length to suit location. In- 
stead of using shock absorbers of the usual spring type, 
cushions of one inch wool felt have been placed in the 
upper canopies in such a way that the entire weight of 
the fixture rests upon them. This provides a sufficient 
cushion for these shops, the amount of vibration being 
very small. 


The distribution of lights through the various shops 
has been done on a very liberal scale, the accompanying 
table of lights in a few of the shops being typical of the 
entire installation. The older shops, locomotive, forge, 
etc., have been equipped with Cooper-Hewitt lamps 
from the first, but the later shops have most of them 
been supplied with single tungstens. 


General illumination only has been the aim through- 
out, it being felt that local illumination could best be 
taken care of by supplying receptacles for plugs wher- 
ever extra lights might be needed. Cables with plugs 
and sockets have been placed in every department for 
us when desired. Before selecting lamps, comparative 
tests were made under service conditions and the lamp 
best suited for each location was adopted. Cost, main- 
tenance, efficiency and suitability were all taken into 
account during this investigation, and the result agrees 
very closely with the best modern practice. 
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Location. Sq. Ft. Style and Total Above Watts 
Floor Watts Lamp Number Floor Sq. Ft. 
Coach Shop Office.. 396 Mazda 60W 5 


Cpe vhs 
41 


Coach, Center Bay..19200 Arc6.5 Amp. 11 36 


Coach, Side Bays...81600 Mazda250W 120 18 Sf 
Coach, Toliet Room. 1760 5 60 15 9 51 
Main Paint Shop...79200 a eou 124 18 39 
Paint Shop Office.. 870 se 60 15a <9 1.03 
Paint, Toilet Room. 1890 . 60 iz 9 38 
Wood Mill Offices.. 600 y 60 8 9 80 
Wood Mill Toilets.. 600 a 60 4 9 40 
Mill, First Floor...26457 jaa ee 50 64 16 60 
Mill, Second Floor. .26457 een eo 64 15 61 
Mill, Tool Room.... 600 - 60 6 9 .60 
Wheel Shop, Total.. 9050 eo at ee. 18 61 
Main Tank Shop....36540 Hewitt “P” Pas). ei) .263 
Tank( Offices, Etc.. 2350 Mazda 60 22 spill 


Referring again to machine tool control, it is the in- 
tention to place push button control switches wherever 
possible on machine tools for the protection of the opera- 
tors. Electric drills and other small portable tools have 
been provided where they will be of any service, and 
everything that will help turn out the work quickly and 
properly seems to have been done. 


s] 

In conclusion, the writer desires to extend his sincer- 
est thanks to Mr. Wm. Garstang, Supt. of Motive Power, 
for his kindness in allowing access to the shops, to Mr. 
R. J. Williams, Supt. of Shops, and Mr. C. A. Brandt 
and their assistants for their hearty co-operation in com- 
piling the data used herein, and to Mr. S. F. Taylor, the 
Chief Clerk. of the Beech Grove shops, for the photo- 
graphs showing the various parts of the shops. 
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TIN SHOP TOOLS. 
Description H.P. Drive 
AMES GuaLer Ohearmeeentet rt: coe Meee Ao eee 
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BOILER SHOP TOOLS. 
Description H.P. Drive 
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No.3: Bével. Shearsa. casa oes s ae ton Fou wearer 10 A.C. 
Horizontal Punch 2o.con aoe ok ace oe eee eee 7% A.C. 
TANK SHOP TOOLS. 

Description H.P. Drive 
No.0 cRollére 283. oe cee eee 714. A.C. 
Niow. 2.$pacing, Panch 22.5 .c.5 ces ia eee 7% AC. 
NOM? Stieari sth) oe, ne 2. sae ee ee hee Ore 
Nog 2) Pancli.'.: face 2.05 50. tte 7% BC, 

WOOD WORKING MACHINE SHOP. 
No. 3 "Rip ‘Saw 62¥.0.... cs ses cs ote ee 10 by OM 
4274 Cut Off «Saye: 5 :4ic<t oa ai.Paanere eee 20 A.C. 
Solid Frame ‘Planer’ 2.3 (po eee eee 5 AC, 
No. /0 Tennoring Machine .:.4,¢4092 gen eee 5 re Oe 
Hollows Chisel Mortiser saeco: ce eee eee 5 Ane 
No. 214 Vertical Hollow Chisel Mortiser ........ 20 A.C, 
No. 4% Smoothing Planer 2: 3.5-.0).e> ee 20 A.C_ 
No» 58 Band Saw Scroll ee eee eee 5 ACs 
BLACKSMITH SHOP TOOLS. 

Description H.P. Drive- 
No. 6000 Double Frame St. Hammer ............. 

No. 3000 Single Frame St. Hammer’...........)) 
No. 2000 Single Frame St. Hammer ..-............ 

Description H.P. Drive 
No. 616, No. 1800 Frame St. Hammer ............. 

No. 1500 Single Frame St, Hammer ..).5).0) 0m 
4” Forging Machine... ..'. 4.3 #. 0c e ee 25 Ave. 
1,” Forgmg Machine. .3e50.2.0 ee 7% AL. 
2” Forging Machine -..12.. 0%, hue ee 15 AES 
No. 300 Wooden Helm Hammer ................ 25 A.C. 
No. 2° Guillotine’ Bar Shear’ )2)......7 4. ne 7% A.C. 
No, 2 Guillotine Bar Shear..:.2,.... J936 eee PLIES. 
No. G. 18” Throat Punch and Shear .............. 10 AsC. 
1%" 4-head Bolt Cutter (o02.....2..,. ee 5 A.C. 
1%” 4-head Bolt Cutter ...::..........50 ee 5 ACs 
16” High Duty Vertical Drill Press ............. 8 AGS 
2-Head Sensitive. Drill 4. ,<2..0.<1.... Z ALG 
2-Head Sensitive Drill) 724 2. ...00.. el Z ASCE 
No. CM. Double Dry Grinder ./)....2. ) eee 5 ASG 
No; 10 Standard Blower 4.232. .202 3 35 7. On 
No. 110: Special Blower ve. sia ee 75 ALC. 
COACH SHOP TOOLS. 

Description H.P. Drive 
No. CM: Donble Dry Grinder .......)... 5 1D. 
50”: Wheel*Lathe-..5.2. Goce oe foeulete pe ee 50 iD GH 
2 Singer Sewing Machinés ./....7...... .9 eee 2 DA 
Hate’ Picker oo Sel ee eee 2 DAG 
Brass Buffer {an Sc. ohne ome dee eee 4% A.C. 

WOOD WORKING MILL TOOLS. 

Description H.P. Drive 
No. 14 4-sidé Planer... .. 45.02.0000 See 50 AC 
No. 281 Band Saw... oc oan eee meee eee 15 AG 
Nox 45/7C Cut-off Saw. o..... 00.2 eete eee 15 A.C. 
No. 427.24” Saw Self Feed Rip Saw”....J..s0emee 15 A.C. 
No; 14, 4-Side Planer and Matcher)... so eneneee 50 A.C. 
No, 184° 12” 4-Side “Moulder. .222 0... (9 15 ACCS 
Nor2 Small (Cuteof Saw 2o00.0. ee ee ee 1U A.C, 
No. 330 5-Spindle Boring Machine .........«.se008 15 Ace 
Large Vertical Cut-off Saw ........+...50 5) aeeeee 15 De 
No. 151 Car Tenoning Vertical Machine........ 10 A.C. 
No. 7 Horizontal Hollow Chisel Mortiser ...... 15 ALG. 
Now156 Double Surfacer.d..0:.40.40 See ee 25 ALG. 
@abinet) Makers? eSawiees 2 eee ee 7% A.C. 
No. 58. Band: Saw . jciseus gare s--0me o eleie 7 nae 3 AIC. 
No. 5 Car Lenonih¢g Machine .<:..0.. 3... eee LS A.C. 
No. 325, No. 1006, 3-Spindle Boring Machine...... 10 A Ge 
INO. 502 Gainer ©.c)...e... 0 ne ee 15 A.C 
No. 5/6° Wood “Marker <2 01.5.4 n60. te ee rh 8, Be 
INogesS. Band Sawin pes ete ie ee 3 A.C, 
No. 238 Vertical Hollow Chisel Mortiser ........ 15 AL. 
Nowa) / 7a Doubles Surfacer suune aan eee 25 ACG: 
No. 5 Cut-off Saw and Dado Machine ............ 5 ALG 
Nop 115 Self Keed Rip. Saw = 22.0. 04... eee 7% AG: 
No..18]1, 8” Moulder i. 20). 446.00.. eee 10 A.C. 
No. 531 Cabitiet Tenoning .Machine |... 2.00 5 ALC 
NowZ0lyShapér 23 ok tee Se eee i NOR 
No..478 Universal Saw Bench i2t..c dole eee 5 A.C. 
Nor 205) Hollow Chisel Mortiserss. soe 3 ANG 
No» 199 Hand Planer and) Gainer (cp. eee 7% AC 
Nov 0 Band “Saws we ee oo ee eee 3 ACG 
NomssUniversals and brimimer) sen eee 
Novs Universal Hand “Trimmer. eee eee 
No..601 Sash and: Door'Clamp o) ses 
Nox 253 Kuife Grindér: a. Wwe ee eee 
Sawig Grinder: % o2 sas Gy i eee 
Foley Band Saw Filing and Joining Machine . 

No, 207 Hollow Chisel Mortiserv).4 s.¢ee. eee 5 AL. 
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WHEEL SHOP TOOLS. 


Description H.P. Drive 
Bete verticg! Cate Wheel BOTer..  ..2. 05 cc seuactas 20 Be 
mOEsertica (Gar VWWHGE) DOLefa. «on seine oe psec soe 10 De 
PSGEECOM IRV Hee lt ere eaten ae wait dels « bsaals sayetions TES ADAG. 
houwbleshlesdeNxleelathel.. oc 07 kn ies osetia. a) Die 
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24” Scepto Lathe 


CMe nvanl rive Catltt detracts caine ets tui qe: 4 1B) e 
EIGUD emt Pad (AXIO AL AUN. oes sles ssl § cane dtcors 10 DG 
ANOVA ONBVVNCEISE TESS nds fede anit: nat este eee We Bs Gs 
S-spindlesAngle Cock Grinder <. 2029.55.) ee. ee Air 


ibripleaVialvieslestiCockenitun. bases cece tie cect) FOCI 


Lesson No. V. 


The Lead Storage Battery. 
CLEANING. 
(Continued from last month.) 
Cadmium Test. 


When trouble is found in any cell especially that of 
loss in capacity, it is very necessary to know whether 
the trouble is due to the positive or negative plates. By 
placing a small stick of cadmium in the electrolyte and 
reading the voltage to both the positive and negative 
plates, the voltage delivered by each cell may be divided 
into two parts. 


(a.) That furnished by the positive plate. 
(b.) That furnished by the negative plate. 


¢ 3 4 


Sa Ce 7. N 9 0 
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Fig. 21. Cadmium Test Voltage Reading. 


The cadmium test piece should be free from all im- 
purities and its surface should be scraped bright, but 
after that it should be aged to a grayish color, i. e. left in 
the acid until covered with a thin layer cadmium sulphate. 

This little test piece, usually 2 or 3” long, should be 
covered with a rubber tube having holes cut in it so as 
to allow the electrolyte to come in contact with the cad- 
mium. This rubber tube will then insulate the cadmium 
and prevent it touching either of the plates. Should this 
occur it would cause a direct short circuit between the 
cadmium and the plate touched. 


Charge. 


At the beginning of charge with plates in a discharged 
condition, voltage of cadmium to negative will be about 
+ .15 volts, the cadmium to the positive + 2.25 volts, 
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Cadmium Test Voltage Readings Showing Trouble. 


Fig. 22. 


the voltage from positive to negative plates being the 
difference between the two or 2.10 as shown in Fig, 21. 
As the charge proceeds the cadmium to negative will 
gradually fall off while the cadmium to positive rises. 
The cell voltage which is the difference between the two 
will rise even faster than the cadmium to positive will. 
At the point near the completion of charge the cadmium 
to negative voltage will fall to 0, and at this point the 
voltage of the cell is just equal to the cadmium to posi- 
tive voltage. As the charge is continued further, the 
cadmium to negative voltage will be reversed, and the 
cell voltage line will cross the cadmium to positive line 
for the cell voltage is then the sum of the cadium ‘to 
positive and the cadmium to negative readings. 


In actual practice it is sometimes difficult to make 
these readings check exactly on account of the small 
reading given between cadmium and negative plates and 
also on account of variation in location and condition of 
the cadmium test piece. 


Discharge. 


At the beginning of discharge, the cadmium to nega- 
tive reading should give about .15 volt, and the cadmium 
to positive about 2.19 volts, while the cell voltage is the 
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difference between the two or 2.04. A slight difference 
in temperature or density of electrolyte will alter these 
readings slightly however. As discharge proceeds, the 
cadmium to negative slowly rises to .20 volts as shown 
on Fig. 22, while the cadmium to positive falls prac- 
tically parallel to the cell voltage curve. 


Low Capacity,in Positives. 

If the cadmium to positive cell voltage readings are 
found to fall off rapidly as shown by the dotted curve 
“A” Fig. 22, while the cadmium to negative follows 
normal curve, you may be sure that the positive plates 
are low in capacity. Battery should be recharged and a 
second test made, first making sure that the battery is 
fully charged. If indications of sulphated positives are 
shown, give the battery “Treatment for Sulphated 
Plates” and make a new test. If the positive to cad- 
mium voltage again falls off rapidly as shown in dotted 
curve “A,” the plates may have to be renewed if its 
capacity is not sufficient for the requirements of the 
service. 

Low Capacity in Negative. 

If the cell voltage at the end of 5 hours drops to 1.8 
and the cadmium to negative has risen to .30 volts as 
shown on dotted curve “B,” while the cadmium to posi- 
tive voltage holds up to normal value, it indicates that 
the trouble is in the negative plates and that they are 
lacking in capacity.. This is usually due to hardening of 
the negatives and should be given treatment as given 
under “Hardening of Negatives” (May lesson). 


TROUBLES TO LOOK OUT FOR. 


1. On charge be sure battery is connected in the right 

direction. - Positive of battery to positive of 
icharging source, etc. | 

2. Never let the battery discharge below 1.75 volts 
per cell. This is equal to 28 volts for 16 cells, 
-(32 volt system), 56 volts for 32 cells (64 volt 
system) and 94 volts for 54 cells (110 volt sys- 
tem). At this point the battery capacity is gone 
and if you allow battery to discharge further it 
will seriously injure the plates. 

3. Never let the battery get too warm, 110° F is the 
danger point. If charging a battery and the 


temperature reaches this point stop charging un-. 


til the battery cools off. 


4. Don’t let the battery stand in a completely dis- 
charged condition, nor even in a partly dis- 
charged condition for more than a few hours. 


5. Never let the level of the electrolyte get below the 
tops of the plates. This will badly sulphate the 
exposed parts. 

6. Never use acid to flush the cell with. Use only 
distilled water or water approved for this pur- 
pose. 

7. Don’t overcharge the battery for more than % 
hour except on monthly overcharge or in clean- 
ing battery. 

8. Be careful that the gravity of the acid never goes 
above 1.230. This is the danger point. Acid 
stronger than this will sulphate the plates. 

9. Never allow the sediment in the bottom of the 
tanks to get so deep that it touches the cells. 
This is usually the cause of short circuited cells. 

10. Never allow a short circuited cell to remain short 
circuited. Take it out of the battery and re- 
move the short circuit. If it is caused by deep 
sediment you will undoubtedly find that the 
whole battery needs cleaning. 


11. Watch out for loose connectors. They may cause 
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battery circuit to open, resulting in the failure 
of the equipment. 

12. If the connectors become corroded wipe them off 
immediately for if the copper sulphate formed, is 
allowed to get into the battery it will ruin the © 
plates. Try and cover the corroded part of the 
connector with vaseline. 

13. Never bring an open flame near a battery. This 
may catise a violent explosion of the gas given 
off by the battery. 

14. When cleaning the battery be sure to fully charge 
it before removing the plates from the cells. 

15. When you have taken the negatives out of the 
tanks in cleaning be very careful they do not be- 
come dry. They should be immersed in acid 
or water as much as possible during cleaning 
operation. 

16. Watch out for grounds both in the battery and in 
the car wiring. To detect these see “Grounds.” 
Grounds in the battery circuit will rapidly dis- 
charge the battery and should be immediately 
removed. 

17. In reading battery voltage be sure and have all 
lights on for a few minutes before taking the 
reading. An open circuit reading of battery volt- 
age means absolutely nothing, a battery even com- 
pletely discharged may give reasonably high 
open circuit voltage. 


DEFINITIONS. 


Active Material—The peroxide of lead and the lead 
sponge are the active part of the plates. 

Ampere Hour—The measure of size of a battery: 1 
ampere hours means 1 ampere flowing for 1 hour, 20 
ampere hours may mean 20 amperes for 1 hour, 10 
amperes for 2 hours, or 5 amperes for 4 hours, etc. 

Bottom Rests—The porcelain or hard rubber ribs on 
which the elements rest. ; 

Buckling—The warping of the plates out of shape due 
to swelling up of the active material. 

Buffers—The porcelain blocks placed on the four sides 
of the tank to insulate it from battery box. 

Bushings—The molded soft rubber parts placed around 
the battery terminal posts. 

Capacity—The size of the battery which is expressed 
in ampere hours. This is generally taken at the 8 hour 
rate. 

Conectors—The rubber or lead current wire used in 
connecting the positive and negatives posts of adjoining 
cells. 

Compound—tThe sealing compound used to flood the 
top of the cell after covers have been placed in position. 

Crate—Double compartment wooden tank in which 
the elements are placed. 

Electrolyte—Mixture of sulphuric acid and water in 
which the plates are placed. Normal electrolyte is 1.220 
specific gravity. 

Elements—the positive and negative plates of the cell 
assembled with separators. 

Electro Motive Force—This is a name often applied 
to the voltage of a storage cell when on open circuit. 

Group of Plates—The several positives or negatives 
and the bridge or cross strap to which they are burned. 

Negative Plate—The spongy lead plate or group of 
plates. These are of a slate gray color. 

Positive Plate—The plate or group of plates which are 
of a chocolate brown color. 

Reserve Lead—In Plante or formed type plates, the 
active material extends only for a short depth over the 
surface of the webs. The unattacked lead in the center 
of the webs which is later gradually converted into 
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active material as the battery grows older is known as 
reserve lead. 

Rollers—the porcelain or other molded insulation 
which acts as rollers under the battery so that it may be 
more easily handled. 

Rubber Linings—The insulated material placed be- 
tween the element and the lead lining of the tank. 

Sediment—The collection of active material in the 
bottom of the tanks. This looks like mud. 

Separators—The insulating material usually wood or a 
sheet of perforated hard rubber placed between positive 
and negative plates. 

Short Circuit—Any metalic or conducting material 
which bridges the gap between plates or wire and per- 
mits current to flow either through one individual cell 
or the whole battery. 

Specific Gravity—The weight of the electrolyte as 
compared with any known volume of water at a tempera- 
ture of 62° F. Normal gravity of 1.220 means that it is 
a trifle over 1.2 times as heavy as pure water. 

Vent Plug—Small hard rubber plug screwed into the 
cover. . This permits gas forming on charge to get out of 
the cell. Rat ee 

_Skids—Porcelain blocks screwed on the bottom of tanks 
which act both as insulators and shoes to slide the twin 
cell around on... |.) dion jc 

... QUESTIONS AND ANSWERS. 

1. Q. Level of the acid in the battery goes down so 
low that the plates are exposed. What shall I do? 

Answer. You never. should have let the electrolyte 
get so low, it ruins the, plates.. Add enough pure water 
(preferably distilled) to cover the plates about 114”. 
Measure this. with a little clean stick of wood; ‘don’t use 
your. brass rule. — a ; 

2. .Q.. Battery was so hot this morning when I fin- 
ished my run that I could hardly bear to touch it. Will 
this hurt the battery? . 

Answer. I should say so—it is about the worst thing 
you could do to ‘that battery. It was undoubtedly the 
cause of too much overcharging or charging at too high 
rate. Overcharging at high temperature will ruin the 
battery quicker than anything else. 

3. Q. Gravity of pilot cell and other cells in battery 
falls below 1.170 at the end of charge and overcharging 
does not bring is back to normal. What’s the matter? 

Answer. Look at the plates and if the positive has a 
grayish color instead of a rich chocolate brown and the 
negative is rather white instead of lead gray, the plates 
are sulphated and should be given a few heavy over- 
charges to break up the sulphate. If this is not suf- 
ficient try the alkali treatment given on page ; 

If the plates are of good color you will probably find 
a heavy deposit of sediment in the bottom of the cell. 
Cells should be cleaned if this is more than 14” deep. 

4. Q. A pilot cell gravity up to 1.220 at the end of 
charge O. K. but voltage on discharge soon falls below 
normal. What is the trouble. 

Answer. You will undoubtedly find that there are 
one or two cells which give a lower voltage reading than 
the rest (all lights on). Take these cells out and ex- 
amine them carefully; you will prabably find them in a 
sulphated condition due to some local action possibly an 
impurity in the electrolyte, iron or copper, or there may 
be a direct short circuit between the plates possibly 
caused by deep sediment in the bottom of the cell. Take 
these cells out of the battery and put good cells in their 
place, then remove electrolyte from the cells in trouble, 
replacing it with new electrolyte and give a number of 
overcharges to break down the sulphate. | Watch the 
gravity closely so that it does not go over 1.225, if so, 
dilute with pure water. If this treatment fails give the 
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plates one charge in alkali as given on page 290, (May 
lesson. ) 

5. Q. I have light failures when the battery is dis- 
charged for even a half hour, yet I know battery has 
been given complete charge every day for months. How 
do you explain it? 

Answer. You have probably given your battery alto- 
gether too much overcharge possibly at high tempera- 
tures so that the active material has been boiled right out 
of the plates. This leaves only a very small amount of 
material available for discharge. It may, however, be 
due to individual cell troubles as in question 4. 


Practical Stunts 


SOME AXLE LIGHTING TROUBLES AND HOW TO 
TAKE CARE OF THEM. 


(A talk given before the May meetin fst i i 
by He a) Meee) go he Car Lighting Club, 


As you all know, the successful Operation of any 
equipment depends on its weakest parts, and the in- 
spector by becoming familiar with the weak parts, may 
anticipate many of the troubles and make repairs before 
a failure occurs, such as, corroded battery connectors, 
loose wires on the dynamo, regulator, or switch board, 
flexible dynamo leads that are almost broken and hang- 
ing by a few strands, back dynamo brushes that. are 
gummy and do not move freely, link fuses not screwed 
down tight, belts that are cracked too deep at the clamps 
to be safe. These items come.under the head of careful 
inspection. The equipment would respond to the usual 
tests in the yard, but would probably fail on the road. 

On the other hand there. are troubles that may not be 
anticipated, and we have all had the experience of 
theorizing on a case of trouble which turned out to be 
something different. I had one case of this. kind last win- 
ter, the regulator inspector reported a car in which the 
locker lights would burn, but when the car load was ap- 
plied the lamps would go out, I felt safe in assuming 
that the solution was out of one cell of battery, and that 
the wet separators would convey enough current for the 
locker lamps, but not enough for the full load. The trouble 
turned out to be a battery wire broken in the insulation 
and corroded, this wire tested continuous with the buzzer, 
and the only way we could locate the bad wire was with 
a temporary battery wire. 

Then we have troubles that test out O. K. in the yard 
but persist in occurring on the road. We had a case of 
this kind recently, one of our café cars was burning out 
dynamo fuses occasionally without any apparent reason. 
The equipment was gone over thoroughly and no trouble 
found... It was necessary to ride the car to ‘find the 
trouble, which was found to be a small piece of copper 
that had fallen in the tripple contact of the automatic 
switch. The copper would dance around with the motion 
of the car and short circuit the field resistance, which 
would cause an enormous current to flow. 

We had a case of trouble with the bell wiring in a 
Buffet car which it seemed impossible to locate for a 
while. The trouble first developed in three circuits and, 
as the bell wiring is usually hard to get at and the time 
was short, the three circuits were cut out. On the next 
trip of the car the balance of the circuits were bad, we 
naturally thought of a nail being driven into the cable 
at some point, but none were found. We found a clew, 
however, when the upper berth was pulled down, the 
side of the car was very damp. This was so unusual 
that the matter was reported to the car foreman, who 
found a leak in the hot water box under the car, which 
permitted enough steam to come up between the sidings 
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to wet the bell cable. The cable dried out in one trip 
after the leak was repaired. 

Almost any business has its troubles and it is only 
by systematizing and proper records, that they can be 
controled. With your permission I will outline the sys- 
tem in use at the Santa Fé yards. 

An inspector meets the trains as they come in, feels 
the regulators to determine whether the equipment has 
been working, and makes such other examination as 
time will permit. Should there be a failure or a doubt- 
ful case the inspector notes it on a blackboard placed 
in the shop where all can see it. In the meantime the 
gravity inspector is getting the acid readings, and any 
low readings are noted, the results of these two inspec- 
tions check with but few exceptions. 

An equipment may be aparently O. K., but the acid 
may be down 25°. This may be due to several causes, 
such as, burning lamps unnecessarily, a failure on the 
road that has been repaired, or a ground which diverts 
part of the useful current. In any event, when the car 
reads low the battery is charged. One side of our 
charging line is grounded, both ends of the battery is 
flashed with the live wire to test for grounds. This test 
is of great assistance and has saved many a failure. 
Another “Ounce of prevention” is the motoring of equip- 
ments, you would be surprised to know how much 
trouble we find by using this test. 

The subject of different oiling devices have been dis- 
cussed often, and at the present time there is in use 
among the different roads the ring, chain, and wick 
oiler, and the packed bearing. The pulley end of the 
dynamo is the dynamo inspectors greatest trial, chiefly 
on account of the time it requires to change bearings and 
also because the armature shafts wear most at this end. 
We have all of the above oiling devices in service, and 
so far the packed bearing has given us the longest bear- 
ing life. I attribute this success to the fact that no grit 
or dirt can get in the bearing to cut in out. Bysimply 
comparing the results I am led to believe that if the 
pulley end head could be closed so that dust could not 
sift in and mix with the oil, we would have the same 
good results with the other oiling devices as we do 
with the packed bearing. 


'As a further proof of the dirty oil theory I will state 


that we are using wicks on the commutator end with 
entire satisfaction. We do not approve of the wick. 
however, on account of the risk in connection with its 
use. 

Long belt life depends in a great measure upon perfect 
alignment, careful inspection both as to the clamps and 
the cracking at the clamps, and the continued use of 
crowned dynamo pulleys. The crowned pulley keeps 
the belt from rubbing on the flanges; we all know how 
destructive this is to the belt. 

The old pressed steel axle pulley is fast disappearing, 
this pulley would not stand the frequent removals and 
re-applications and in time the rim would become warped 
out of trie. We have traced a number of lost belts to 
these uneven pulleys. The pressed steel pulley of today 
is made to last, and we have had no trouble with them. 
For our own cars we use a malleable cast pulley that is 
no heavier than a pressed steel pulley of the same size. 
A bushing is not necessary, as the taper is cut in the hub 
of the pulley—H. G. Meyers, Elec. Fm’n. Santa Fe. 


POSITION WANTED. cc 
Nine years experience as electrician with head-end systems in limit- 
ed trains with some general experience in building and car wiring 
and with axle devices. Wish to make a change on account of personal 
reasons. 
Address, 
A. B. M. RAILWAY ELECTRICAL ENGINEER, 
10 


6 N. La Salle St., Chicago, II. 
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How Car Lighting Batteries are Made, 


The tanks usually furnished are of the compartment 
type, and are made of kiln-dried white oak. All tiie 
joints are dove-tailed through and are dowelled in both 
directions. The screws are resined and countersunk 
and the holes filled with wood plugs glued in to protect 
the screws. Porcelain buffers on the sides and ends in- 
sulate the tanks from the battery compartment and from 
each other. Porcelain skids or rollers are secured to 
the bottoms of the tanks. 

Lead tanks or rubber jars are placed inside the wood 
compartments and the interstices for which allowance 
has been made are filled with insulating compound. The 
insides of the wood compartments and the outsides of 
the lead tanks are properly treated with 3 coats of acid 
proof paint. The insides of the lead tanks are insulated 
from the elements by hard rubber sheets. The elements 
are supported by bridges in the rubber jars, and in the 
lead tanks by two porcelain or glass rests held in place 
by lead retainers. 

The covers both for the lead tanks and for the rubber 
jars are made of hard rubber and are so shaped as to 
allow of proper sealing with battery compound. The 
holes through which the pillars pass are fitted with soft 
rubber bushings and vent plugs fitted into threaded 
holes in the covers and also provided. The tops of the 
pillar posts are properly marked Positive (X) and Ne- 
gative (—). 

The intercell connectors are copper cable covered 
with pure rubber insulation. Bolt connectors secure the 
cable connectors to the pillars. The two end terminals 
are either lead covered with studded bolts or have fer- 
rules for burned in connectors or standard hand connec- 
tors, and are connected to the fixed battery leads. Where 
the lead covered terminals are used a proper lead cov- 
ered nut is furnished. 


GOULD CAR LIGHTING BATTERY. 

In the Gould Car Lighting Battery both positive and 
negative plates are of the Plante type. The “spinning” 
process is used in the manufacture of these plates giving 
a greatly increased surface and modification in form of 
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Fig. 23. Showing Method of Manufacture of Gould Plate. 


rib and groove. The plate with lug is stamped as a blank 
sheet from chemically pure rolled lead. It is then placed 
in a steel frame which reciprocates back and forth be- 
tween two revolving mandrels on which thin circular 
steel discs and spacing washers are mounted. 
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The thickness and form of the revolving discs de- 
termines the width and shape of the groove between 
ribs, and the thickness of the washers, the thickness of 
the ribs. The travel of the frame back and forth de- 
termines the length of the section to be spun, but in 
plates for car lighting work this extends over the entire 
length of the plate, leaving just enough unspun material 
at the edges to forin a substantial support and conduct- 
ing frame. 

As the blank plate moves back and forth between the 
spinning rolls a uniform pressure of the revolving discs 
is maintained against the surface of the lead blank by 
means of compressed air. Ridges and grooves begin to 
appear as soon as the operation is started and as the 
“spinning” discs sink further and further into the lead, 
as shown in the accompanying illustration, the lead of 
the blank is slowly formed into thin ribs which fill the 
Spaces between revolving discs. No lead is removed, 
the blank is merely changed in form. There is no cutting 
or bending of the lead which would open the pores or 
cause crystalization, it is squeezed and drawn into shape. 

By limiting the depth that the discs penetrate the blank 
a relatively heavy weight of metal remains as a support 
for the ribs and a central conductor for current. 

On the greatly increased surface of the ribs thus pro- 
duced a thin layer of lead oxide or “active material” is 
formed electrolytically. 

Negatives are made from positives thus formed, by a 
subsequent conversion of the lead peroxide to spongy 
lead by charging as negatives. The plates are finally 


Fig. 24. Gould Car Lighting Plate. 


subjected to a purification process to remove any im- 
purities which may have been acquired during the 
process. 


SALOM STORAGE BATTERY. 


The Salom storage battery, which has been placed on 
the market within the last two or three years, differs in 
many respects from both the Plante and pasted type of 
battery. 
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The process of manufacture is novel and interesting, 
inasmuch as the active material (peroxide and spongy 
lead) is produced in its final condition in bulk and then 
applied to the antimonial supporting grid, thus produc- 
ing the initially formed plate. This method of manu- 
facture does away with the formation process of the 
plates in the factory and enables them to be assembled 
as soon as they are manufactured. 

Spongy lead produced electrolytically and therefore 
chemically pure is put into the negative grid under ex- 
tremely high pressure. It is claimed that this pressure is 
sufficient to cold weld the spongy lead and grid into a 
porous sheet. Applying the material under pressure 
in this way insures a perfect contact between the active 
material and the grid, and there being nothing in the 
active material but pure spongy lead when applied, there 
is no chance of shrinkage with a resulting loss in capa- 
city. 

The positive plate is made in a similar way, taking 
peroxide formed electrolytically in bulk and _ having 
mixed with it a binder before it is applied to the grid 
under pressure. This binder acts as a cement just the 
same as Portland cement does in concrete, hardening up 
all the active material and giving it great mechanical 
strength. 

One of the claims is, that owing to the fact of the binder 
being thoroughly and evenly mixed with peroxide before 
it is applied to the grid under pressure insures a uniform- 
ity of the active material and close contact with the grid 
which cannot be obtained by any other method of man- 
ufacture. Unless the positive plate is seriously over- 
charged, the binder should remain in its original inert 
condition and prevent the peroxide from softening up 
and disintegrating. 

Owing to the purity of the active material and the 
excellent contact between it and the grid it is claimed 
that a higher discharge voltage is obtained than ordin- 
arily. The manufacturers say that 20 per cent more 
active material can be placed in the grid, due to the pres- 
sure under which it is applied. This gives a greater ca- 
pacity for a given weight. 

The above features of superiority which are claimed 
for this battery make its further development a matter 
of interest to all railway engineers interested in the appli- 
cation of storage batteries to their service. 


“YU. S. L.’” CAR LIGHTING BATTERY. ’ 

In the “National” battery both positives and negatives 
are the Plante type made from single blanks of dense 
chemically pure rolled lead. The leaves or ribs of the 
plate are formed by the rocking action of sets of 
knives which slowly force their way into the body of 
the blank plate and work it up into the many leaves re- 
quired to give the plate surface. These leaves are 
formed entirely by displacement of the lead in the blank, 
no material whatsoever being cut away. 

The plates vary in thickness with different specifica- 
tions. The negative plate is always somewhat thinner 
than the positive plate, as the service requirements are 
less severe. To secure the maximum surface, and there- 
fore capacity, the leaves in the positive plates are con- 
tinuous from top to bottom. The negative plates how- 
ever are of the four biscuit type with a horizontal and 
vertical rib running through the center of the plates. 

The last mentioned type, C. L. F., pasted plates give 
approximately twice the capacity of the Plante type of 
an equal size and weight. ' 

Rubber and wood separators together or rubber alone 
are used according to specifications. The flat wood se- 
parators are inserted between the rubber separators and 
the negative plates. 


~ 
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WILLARD TRAIN LIGHTING BATTERY. 

The conditions under which a train lighting battery 
is operated are so entirely different from any other 
class of battery service that it was very early found 
necessary to develop a battery especially designed for 
railway train lighting. The present Willard train light- 
ing battery has been developed with all the special re- 
quirements in view and to meet the varied conditions 
of service with minimum maintenance cost. 

The plates are essentially the same as in the first 
train lighting batteries manufactured by the Willard 
Company; but with improvements in details worked out 
from experience gained in actual service. 

Both the positive and the negative plates in the Wil- 
lard train lighting battery are of the Plante type. The 
positive plate is made from rolled chemical lead 
weighing 17 Ibs. per square foot. The surface of 
the lead blank is developed so that the active area of 
the ‘plate is ten times the superficial area of the plate. 


Fig. 25. 


View of Willard Plate. 


This is done by raising ribs from the sheet itself and 
without disturbing the structure of the original sheet 
of lead. These ribs are produced one at a time by means 
of a rigid tool placed in a special machine made for this 
purpose. As shown in Fig. 1, these ribs take up the 
entire surface of the plate, leaving no blank spaces, but 
making the total surface of the plate active. 

By using a rigid tool, it is possible to get ribs of the 
utmost uniformity. The maximum variation in the 
thickness of these ribs is only 2-1000”. By shaping the 
tool, the rib can be given any shape and thickness de- 
sired, 

In the positive plates, the ribs are tapering from the 
root towards the top, i. e., they are thicker at the base 
and gradually get thinner towards the outside of the 


plate. This gives a “V” shaped groove for the active 
material. It also increases the lasting quality of the 
ribs. 


The plate is provided with a center web which is 
1-16” thick at the bottom of the plate and gradually 
tapering toward the top. This allows an even current 
distribution. In determining this center web, the same 
principle is used as when determining the copper con- 
ductors of a distributing system for current. The cen- 
ter web is made substantial to eliminate expansion and 
buckling of the plates. 
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The ribs and the spaces in the positive plates are so 
proportioned that the battery will give its rated capacity 
and still give a maximum amount of lead in the ribs. 
This lead is utilized later on in service and determines 
the life of the plate. 
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Diagram of Positive Plate 


Lead 
Feiive Material 


Diagram of Negative Plate 
Fig. 26. WDlustrating Method of Manufacture of Willard Plate. 

The object of developing the entire surface of the 
plate and not leaving any exposed blank spaces is to 
distribute the electro-chemical action uniformly over the 
entire surface of the plate, thereby eliminating the tend- 
ency to buckle. 

In raising the ribs, they are given a slight angle in 
relation to the center web. After the battery is placed in 
service and the active material expands, the ribs raise up 
perpendicular to the center web, thereby increasing the 
space taken up by the active material, eliminating ex- 
pansion of the plate horizontally. 


The positive plate is made 34” to 1” shorter than the 
negative plate, thereby allowing for vertical expansion, 
which takes place under especially severe service condi- 
tions, 

The negative plate is also made of rolled chemical 
lead and the surface developed in practically the same 
manner as on the positive plate. The active surface is 
developed to ten times the superficial area of the plate. 


The negative plate is made from lead weighing 11.6 
Ibs. per square foot and. will, therefore, after the sur- 
face is [developed give a plate in which the ribs are 
thin and the spaces for the active material very wide 
in comparison to the spaces in the positive plate. 

The negative plate is also provided with a center 
web; but thinner than the web in the positive plate and 
only intended to give the plate sufficient strength. 

Fig. 2 shows a diagram of the relation between the 
ribs and spaces in the positive and the negative plates. 

In the negative plate a big bulk of active material is 
required, and the plate is so constructed that the ca- 
pacity of the negative plate when new will give approxi- 
mately twice as much capacity as the positive. This 
allows for shrinkage in the active material in service 
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and assures a negative plate that will give its full rated 
capacity until worn out. 

Both the positive and the negative plates are electro- 
chemically formed, i. e., the active material in the plates 
is applied electro-chemically. 

The developed plates are immersed in a solution be- 
tween lead dummies. This solution consists of electro- 
lyte of the proper density and a certain percentage of a 
forming medium, whereby is understood an acid or a 
salt that will attack the lead. Current of the proper 
density for a plate is forced through the plates. The 
combined action of the current, the forming medium 
and the electrolyte tends to oxidize the plates filling the 
grooves between the ribs with peroxide of lead or posi- 
tive active material. The negative plates are put through 
the same process of oxidizing; but are afterwards re- 
versed, changing the peroxide of lead to spongy lead or 
negative active material. 

The above process which is called the forming of the 
plates is of great importance, as it determines to a great 
extent the initial capacity as well as the life of the 
plates. 

In the construction of the details of the battery, there 
has been a tendency in the last few years to standard- 
ize on certain sizes and certain details in construction, 
such as rubber separators, lead lined wooden tanks, hard 
rubber covers, etc., and in the building of the Willard 
train lighting battery, the elements consisting of the po- 
sitive and negative plates are assembled, in these stand- 
ard containers, charged and sealed ready for service be- 
fore being shipped out. 

(Car Lighting Lessons to be Continued.) 


FLEXIBLE STEEL LACING. 

It is a well experienced fact that only 25% or less of 
the belts operated in car lighting service are actually 
worn out. 75% are either torn apart at the belt fasten- 
er or cut to pieces by riding the pully flanges. Undoubt- 
edly a large number of these that are lost are due to 
belt fastener troubles. 

Accordingly the new belt fastener known as the 
“Alligator” fastener, and manufactured by the Flexible 
Steel Lacing Co., of Chicago, is of special interest to all 


Flexible Steel Lacing. 


car lighting men. The fastener itself and its method of 
application are clearly shown in the accompanying illus- 
trations. 


The fastener is designed to give a maximum holding 
power and a minimum cutting of belt fiber. A rocker 
hinge pin as shown above is provided with a corruga- 
ted surface to prevent the pin from slipping out while 
in service. 

This pin is made up of two parts which as the belt 
engages a pulley, simply rock on each other. There is no 
friction or sliding of the fastener loops over the pin, 
hence there is very little wear, if any, in operating this 
fastener even in the most severe conditions of service 
such as found in railway car lighting. The corruga- 
tions on the back of the rocker pins prevent the pins 
from slipping out while in use, and even in case one of 
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the pins may be broken in heavy service, the strength of 
the fastener will not be important. 

As the fastener engages both sides of the belt alike, 
the strain is thrown in a direct line of pull, thereby elimi- 
nating bending effect of any one side fastener. 


Rocker Hinge Pin, 


The teeth on each side of the lacing enter the belt on 
different lines of perforation; each prong has two teeth, 
the longer clinching through the belt while the shorter on 
the opposite side of the prong gives an added strength. 
These teeth are bent in manufacture so that when they 
are in operation the pull is against the edge of the teeth 
instead of the sides. This gives’ a much stronger tooth 
and at the same time does not weaken the belt like the 
side pressure tooth would. 

One of the features of this fastener which adapt it par- 
ticularly to car lighting service is that the belts may all 
be cut to a standard length and the fasteners carefully 
applied to each end of the belt in the shop, where, with a 
convenient place to work, a very careful job can easily 
be made. 

To place this belt on a generator, it is then only neces- 
sary to let out the takeup screws of the generator, throw 
the belt over the axle and armature pulleys, bring the 
ends together, insert the rocker hinge pin and tighten. 

This is a matter of about 3 minutes work from start 
to finish and a perfect job is always made since the real 
work of applying the fastener has been carefully done 
in the shop some time previously. 

As to the strength of this fastener, many practical 
tests have shown a 4 in. belt fastener applied to a 4 in. 
4 ply, stitched canvass belt to stand a total pull of 3360 
lbs. before breaking. A test of a 4” extra heavy single 
leather belt shows a fastener strength of 3248 lbs. 


WESTINGHOUSE D. C. TURBO GENERATORS. 

Westinghouse type T, direct-current, turbo generator 
units find wide application where a simple, compact, re- 
liable generating set is desired. Many are used for ex- 
citer sets in alternating-current generating stations, for 
lighting and power in industrial plants and in office and 
apartment buildings, for storage battery charging in 
railway signal work, and for train lighting They are par- 
ticularly applicable for exciter service in modern gener- 
ating stations where the steam pressure exceeds 125 lbs. 
per square inch because small reciprocating engines or- 
dinarily used for driving exciters are usually designed 
for pressures not greater than 125 lbs. per square inch. 
Where the boiler pressure exceeds 125 lbs. per square 
inch, a reducing valve must be used with such engines. 
Type T turbines operate directly on pressures up to 200 
lbs. and with steam superheated to 150 degrees Fahren- 
heit. 

As compared with reciprocating engine sets the fea- 
tures in favor of the Westinghouse turbo-generator set 
are’: 

Simplicity—Reliability—There are few moving parts 
such as rods, levers, eccentrics, and cranks. There are 
few parts that require attention because of wear, there 
are very few bearings to oil, and no stuffing boxes to 
pack. There are no reciprocating parts to wear out and 
no steam cylinders to be oiled. 

Compactness.—A reciprocating engine set occupies, 
from one-half again to several times as much (depend- 
ing on the speed and other characteristics) space as does 
a turbo-generator set. 

Lower Cost of Installation—The first cost and the 
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installation cost are less for a turbo set than for an 
equivalent reciprocating engine set. Expensive founda- 
tions are not required for a turbo-generator unit. 


Westinghouse Turbo Generator Set. 


The line of type T sets includes machines of the 
capacities most in demand of from 10 kw. to 200 kw. 
Standard voltages are 125 and 250. Three-wire gener- 
ators—125 and 250 volts can be supplied. ‘The steam 
pressure range is from 75 to 200 lbs. per square inch. 
Either shunt or compound wound generators can be fur- 
nished. Standard compounding is 118 volts, no load, 
and 125 volts, full load or 235 no load, and 250 full load. 
Compounding can be varied by adusting the shunt. 

The turbine is of the single wheel impulse type. The 
wheel or rotor is mounted directly on the end of the 
generator shaft. Although only one impulse wheel is 
used an unusually high efficiency is obtained by using 
steam two or more times on the one wheel. The gov- 
ernor is of the fly-ball type. The weights are hung on 
hardened steel knife edges, minimizing friction, In case 
of over-speeding, the automatic safety-stop throttle valve 
is tripped, shutting off the steam supply. 


Turbo Generator Set Dismantled. 


Type T generators are of the commutating type which 
insures sparkless commutation with a fixed brush posi- 
tion at all loads within the capacities of the machines. 

Frames are of cast iron. Bolts hold the pole pieces 
to the frames. All frames are divided horizontally. 
Main poles are built up of soft sheet steel punchings. 
The use of bolted-on poles permits of uniform pole spac- 
ing and in addition renders possible the removal of any 
individual pole. Commutating poles are of steel and are 
secured to the frame with bolts. Main field coils may be 
either shunt or compound wound. Shunt coils are wound 
on forms and provide a large radiating surface. Series 
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coils are wound of bare copper bar. The best possible 
heat radiation is assured. 

The commutating pole coils are wound of bare copper 
bar held in position with insulated bolts, The ventila- 
tion is thorough. Brushholders are mounted on rigid 
arms and the brush tension can readily be adjusted to 
keep it uniform as the brush wears away. Armatures 
are of the drum type. Armature coils are form wound, 
interchangeable, and thoroughly insulated. The spaces 
between the coils at the ends of the armature are packed 
with insulating material to prevent the entrance of dirt. 
Commutators consists of hard drawn copper bars insu- 
lated with mica. Steel rings shrunk around the bars but 
insulated therefrom prevent distortion by centrifugal 
stresses. 

A complete oiling system of the type best adapted to 
the service is provided with each turbine. In the smaller 
sizes the well-known ring oiling scheme is employed. In 
the larger turbines the oil is circulated through a closed 
system, by means of a rotary pump driven by the main 
shaft through positive gearing. 

All parts of the turbine are readily accessible for in- 
spection or repair. The upper half of the cylinder or 
casing may be removed without interfering with the valve 
or governor mechanism, and, if necessary, the wheel or 
rotor may be entirely removed from the casing. 

Generally speaking, the steam consumption of turbines 
of small powers compares favorably with the perform- 
ance of automatic high speed engines of similar capacity. 
As Westinghouse turbines are carefully tested in the 
shop before shipment, there can be no uncertainty as to 
their performance. The guarantees of steam consump- 
tion are based on an average of actual test results, plus 
a comfortable margin. 


A NEW CABLE JUNCTION BOX FOR HIGH TENSION 
TRANSMISSION CIRCUITS. 


A new type of cable junction box suitable for the in- 
ter-connection of high voltage feeders and mains is 
shown in the accompanying inllustration. This is the 
first high voltage junction box made in this country, we 
believe. It will be noted that the flexible leads which 


project through the sides of the box are so arranged as 
to terminate within the large removable nipple. These 
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New Cable Junction Box. 


nipples have a rounded or dome-shaped end made en- 
tirely of soft metal such as lead or lead-tin alloy. This 
dome-shaped portion is united with that portion of the 
nipple which is of brass or other rigid material by an 
exceedingly strong and absolutely water tight joint. The 
leads are connected to the outermost contact points of 
each row of disconnecting switches, the innermost point 
being connected to bus-bars, giving the desired inter- 
connecting arrangements, 

The exposed live parts—that is, those shown in the 
cut, are isolated in cells of porcelain so that the dis- 
connecting blades can be inserted or removed perma- 


—— 
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nently fastened in a metal framework which, in turn, is 
fastened to the box, in such a manner that a chamber 
is formed between the framework of cells and the bot- 
tom and sides of the box. 

This chamber, after the carrying parts that enter it 
are put in place and insulated with tape, when desired, 


and after the moisture has been removed by the heat and 


vacuum process, is filled with a hot insulating compound. 
Insulating stuffing boxes prevent the compound from 
oozing out along the flexible leads when the box again 
warms up under working load. The concealed current 
carrying parts of this box are, therefore, assembled and 
insulated before the box is sent out from the factory, 
where the work can be done with the greatest care by 
operators skilled in that particular work under expert 
supervision. 

In order to make the cable connections, all that is ne- 
‘cessary, is to unbolt the nipple from the box, cut off, 
with a saw or jack knife, the dome-shaped end of the 
soft metal portion of the nipple and, after threading it 
‘over the table, joint the conductors to the insulated flex- 
ible lead. After this the nipple can be replaced, the joint 
wiped and the space within the nipple filled with hot 
OZITE insulating compound. The connection is then 
complete. 


U. S. CO. TO MAKE SELF STARTERS. 

The United States Light and Heating Company has 
acquired the exclusive rights to manufacture and sell 
the Eveland Electric Self-Starter and Lighting Device 
for Automobiles—both pleasure and commercial types— 
and it will be known hereafter as the “U. S. L. Electric 
Self-Starter and Lighter.” 

This equipment consists of a special motor-genera- 
tor or dynamo which is applied in place of the usual 
engine fly-wheel. By its use, no hand cranking is re- 
quired, while it also furnishes a practically unlimited 
supply of electric current for use in cranking the engine, 
as well as for electric search, side and tail lights, ignition, 
flashlight, electric illuminated signs, etc., all of which is 
done without added operating cost as the electric cur- 
rent is generated by the gasolene engine from the sur- 
plus power that ordinarily is wasted. 

There are no gears, chains or other power transmis- 
sion devices used and no bearings shafts or other com- 
plicated parts to the device. The armature is made in 
the form of a hollow ring about the same proportions as 
the fly wheel; it is mounted on the engine shaft and 
takes the place of the fly wheel as a load balancer. The 
fields are mounted stationary inside the armature drum. 


RAILROAD SALES WESTERN ELECTRIC CoO. 


Mr. Geo. H. Porter, President of the Railway Supply 
Manufacturers Association, has recently been placed in 
charge of the railroad departments of what is known in 
Western Electric headquarters as Central division. 

He has charge of the railroad sales in the following 
branch houses of that Company: Chicago, St. Paul, 
Minneapolis, Omaha, Cleveland, Detroit and Cincinnati. 
and Gem. 


TELEPHONE TRAIN DISPATCHING. 

The Chesapeake & Ohio Railway, which has had 
for some time more than 200 Gill selectors in service 
in telephone train dispatching has now ordered from 
the U.S. Electric Company, 52 additional selectors for 
a further extension of its circuits. 

The Central Vermont Railway has recently received 
31 additional Gill selective station outfits with auto- 
matic sending keys for the dispatcher’s station. 
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NEW CUT OUT HANGER FOR TUNGSTEN UNITS. 


With the recent development of the tungsten lamp 
and its wide application in industrial fields where lamps 
are placed in more or less inaccessible places, the ques- 
tion of a suitable cutout hanger so that the lamp may 
be lowered for cleaning and renewals becomes one of 
great importance. | 

Where no provision for lowering is made, lamps and 
reflectors in inaccessible places are seldom, if ever, 
cleaned, with the result that there is a great loss in il- 
lumination and a general dissatisfaction with the light- 
ing installation. Moreover, any man cleaning a lamp 
and reflector can do a much more thorough job when 
it is lowered down on the ground well within his reach 
than he can high up on a ladder or on a crane. 

The Thompson cutout hanger for tungsten lamps is 
a modification in miniature of the arc lamp cutout hanger 
described in the February issue of the RAILWAY 
ELECTRICAL ENGINEER. The mechanism of the 
hanger is shown very well in the accompanying illus- 
trations, the fundamental principle being that there are 
two little eccentrically mounted dogs which, on slow 
release drop into place and engage a pair of hooked 
fingers; while on quick release these fingers and the 
lighting unit to which they are attached drop out of 


Lamp in Position, 


Hanger Casing Removed and 
Lamp Lowered. 


the hanger before the dogs have time to fall into place. 

There is no jar whatsoever either on raising or low- 
ering. Care should be taken however to have the sup- 
porting cord flexible and free from kinks or frictional 
places which would make this action slow, thereby re- 
tarding the release. 

When the lamp is lowered it is entirely cut out of 
circuit. The backs of the two supporting fingers make 
a wiping contact on the supporting parts attached 
to the stationary part of the hanger. The counter 
weight dogs have little if any part in the conduction of 
current. They merely act as the mechanical support in 


holding the lamp in place and in pressing the two con- 


ducting parts firmly together. When the hanger is once 
locked there is no strain whatsoever on the cord. 

Circuit wires may be carried in conduit direct to the 
stationary part of the hanger. In fact, this pipe con- 
duit often forms the horizontal member of the lamp 
bracket when attached to posts. 
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UTILITY STEAM HOSE COUPLER. 


One of the chief causes of deterioration and trouble 
with steam hose couplers using rubber hose is that in bend- 
ing the hose upward to couple and uncouple, it becomes 
kinked which reduces the inside area and also weakens 


Hose Coupler Connected. 


the hose, causing it to give out at this point. A greater 
portion of the steam hose failures and renewals are due 
to this cause. The Utility coupler is designed to prevent 
kinking the hose. Each coupler head is surrounded by 
a loose collar. This collar has a projecting hooked lug 
at one side and helical flange extending nearly around 
the remaining portion. 
is only necessary to grasp one in each hand, swing them 
together face to face, so that the hooked lug of each 
collar engages the helical flange of the other. A twist 
of about a quarter turn forces the couplers firmly together, 
making a tight joint. A slight tap with a hammer tight- 
ens them so they cannot jar loose on the road. To un- 
couple; a reverse twist loosens them. 

In addition to the saving of hose, this type of steam 
coupler has other advantages. The gaskets are brought 
together with their faces parallel so they wear evenly. 
The helical flanges take up for all wear as it is only neces- 
sary to turn the collars until a tight joint is made. No 
extra locking attachments are needed as the couplers are 
always securely locked when coupled. The gaskets must 
always line up and a full 14-inch opening is insured. 

Where metallic joints are used for high pressure dyna- 
mo service, this coupler: makes an ideal connection, as it 
is easily coupled and is positively locked. 

This coupler is manufactured by the Railway Utility 
Co., Rookery Building, Chicago, III. 


REFLECTING GLASSWARE. 

The Opalux Company, 258 Broadway, New York, 
has issued Bulletin No 11, describing its numerous types 
of glass reflectors for various conditions of service. List 
prices and quantity discounts are included. 


To couple two heads together it. 
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GREENFIELDDUCT. 


A new type of ridged iron conduit known as Green- 
‘ieldduct has been recently placed on the market by the 
Sprague Electric Co. of New York City. 

Manufacturers claim many advantages of Greenfield- 
duct over other types of ridged iron pipe due to the fact 
that it is hot galvanized on both the interior and the 
exterior surfaces. 


LABORATORIES | | - 
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The special process used in galvanizing this pipe gives 
a special product. which will withstand seven or more 
dips of the standard copper sulphate test. 

This is the same type of galvanizing as is applied to 
the armor of Greenfield B Cable which long experience 
has shown to wear unimpared under most severe condi- 
tions. 


Hose Coupler Disconnected. 


PRINCIPLES OF INDUSTRIAL LIGHTING. 


This is the title of a valuable little booklet just issued 
by the Cooper-Hewitt Electric Co. It is in the form of 
a very comprehensive paper on the subject by Mr. George 
C. Keach of the Chicago office of that company. 

The author quotes largely from various well known 
authorities on the subject of illumination, co-relating 
their remarks under various subject heads of, distribu- 
tion, glare, candle power, illumination intensity, color, 
reflection, efficiency and effect on the human eye. 

It is a liberal education on the subject of optics and 
illumination for one to read this booklet through very 
carefully. 

A copy will be gladly furnished to any of the car light- 
ing engineers or their assistants on request. 
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A NEW RECTIFIER. 
The London Electrical Review. of April 26th, 1912, 


contains a description of the “rectifying nets” of Mr. C. | 


Schniewindt. 

This rectifier is based on the well known principle that 
ati aluminum electrode permits the current to pass only 
when it is cathode and not when it is anode. The novel 
feature seems to be the construction of the “rectifying 
nets.”” These nets are placed in glass jars filled with wa- 
ter with a small quantity of bicarbonate of soda, which 


A 


E 


Details and Wiring Diagram of Rectifying Nets. 


are afterward connected up like cells. The special nets 


are composed of iron and aluminum wires woven with. 


asbestos, as shown in the left-hand diagram of Fig. 1. 
The connection of four “rectifying nets” in such a way 
as to utilize both half waves of the alternating current 
in the production of the direct current is shown in the 
right-hand diagram of Fig. 1, in which the short dashes 
represent the aluminum wires and the long dashes the 
iron electrodes. Between the points A and B a direct 
current is obtained at about 75 per cent efficiency, the 
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heating of the electrolyte accounting for the losses. E 
represents the source of alternating current and C the 
direct-current consuming circuit. 


A STEAM TURBINE MONUMENT. 

The General Electric Company has re-erected in the 
centre of a park plot’ in its grounds at Schenectady, N. 
Y., the first 5000 kw. Curtis steam turbine installed in 
the Fisk Street Station of the Commonwealth Edison 
Company of Chicago. It is to serve as a memorial to 
the rapid development of the steam turbine unit applied 
to central station service. This turbine was installed in 
the Fisk Street Station eight years ago, being put in 
operation on October 2, 1903, and remained in con- 
tinuous service until May 29, 1909. It was specified in 
the contract by President Insull when this unit was re- 
placed that it should be set up as a monument to com- 
memorate the great step in engineering which its instal- 
lation marked. A bronze tablet detailing its history has 
been placed on the turbine. 


ECONOMY FUSE & MFG. CO. MOVES TO CHICAGO. 

The Economy Fuse & Manufacturing Company have 
moved their general office and works from the Phipps 
Power Building, Pittsburg, Pa., to larger and better 
quarters at the corner of Kinzie and Orleans Sts., Chi- 
cago. 

The additional space obtained by the company has 
increased their factory facilities four or five hundred 
per cent. The rapid increase in the company’s western 
business necessitated their moving to a more central lo- 
cation and larger quarters where more attention could 
be given customers’ orders. 


HEART OF NEW YORK CITY 


Hotel York ‘a: 


FIRE. 
36th Street, corner 7th Avenue 


| TwelveStories of Solid Comfortinthe 


PROOF 


Within Ten Minutes’ Walk of 30 Leading Theatres, 
Shops, etc. One Short Block to Broadway. 


Accommodations Better than Rates Indicate. 


Attractive Rooms, $1.50 and $2.00 with Bath Privilege, 
Attractive Rooms, $2.00 to $4.00, with Private Bath. 
Where Two Persons Occupy Same Room Only One Dollar 


Extra Added to Above Rates 
| H. G. WILLIAMS, Mer. 


PLA TES=—ROD5—— DISGS 


Made of the famous 


STERN-CONDENSITE 


STERN-CONDENSITE presents a finished appearance like hard rubber but is mechanically stronger. It possesses 
high dielectric resistance, withstands acids and climatic influences, does not break down by its own fatigue; is 
non-hygroscopic even if boiled in water or oil; withstands heat up to at least 350° Fahr.; can be moulded into 
almost any shape; metal parts can be moulded in. It can be tapped, sawed, or drilled, without taking the temper 


out of the steel. It is odorless and leaves the mould in a finished state. 


is Less Than Hard Rubber. 


It has resiliency, and Its Specific Gravity 


Estimates cheerfully made from drawings or models. No order too small for our consideration, nor too large 


for our execution. 


DICKINSON MANUFACTURING GOMPANY, Springfield, Mass. 


KURT R. STERNBERG, Treas. and Genl. Manager. 
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Our Semi-Annual Convention. 


This is the first year that the A. R. E. E. has held 
its Semi-Annual June Convention at Atlantic City, and 
it seems almost a foregone conclusion that it should 
have been the most interesting and best attended semi- 
annual convention which the Association has ever held. 
The wonderful show of exhibits on the Million Dollar 
Pier undoubtedly served as a big attraction for drawing 
railroad men to the Convention. 

Moreover, with the increasing number of railroad 
men who belong to both the A. R. E. E. and the M. C. B. 
Associations, it becomes much more convient, in fact, 
makes it possible for some members to attend both 
meetings who would not otherwise attend either, when 
our semi-annual conventions are held at the same time 
and place as the M. C. B. Convention. 

However, aside from the mere convenience to 
certain members, and aside from the advantages of 
being able to see the Atlantic City exhibits, there is a 
great element of good in bringing the two Associations 
more closely together, which cannot but result in giv- 
ing the A. R. E. E. the standing among the Railroad 
Associations of the country it so thoroughly deserves, 
and at the same time make for a more effective stan- 
dardization of all car lighting equipment. 

All who have the best interests of A. R. E. E. at 
heart will appreciate this point and urge that all our 
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semi-annual conventions in the future be held at the 
same time and place as the M. C. B. Convention. 


Methods of Axle Generator Control. 

Much as has been said about the various methods of 
charging storage batteries by the various systems of con- 
stant charge at high rate, constant charge at low rate, 
taper charge, constant potential, and combination cur- 
rent and potential control as is now advocated by various 
manufacturers of axle equipments. Each of these Sys- 
tems has had its ardent advocates and been more or less 
generally popular in its turn. The new system of con- 
stant current with a limiting voltage feature at the end 
of charge, as outlined by Mr. Bliss at the recent Atlantic 
City Convention, however, seems to possess merit. 

It is pretty generally appreciated that the conditions 
under which axle lighting equipments must operate on 
railroads are so uncertain and so severe, that it becomes 
almost impossible to set a constant current or battery 
current regulator at a certain value with any reasonable 
prospect of the storage battery receiving its proper 
amount of charge. Necessarily, the regulators in this 
service have invariably been set high so as to be on the 
safe side, and this has resulted in much chronic over- 
charging of the storage battery. 

The stop charge relay was developed 6 years ago in 
an effort to eliminate this continued overcharging, but 
experience has demonstrated pretty well that it does not 
fill the bill. The voltage of a storage battery is de- 
pendent upon so many variable factors such as rate of 
charge, temperature, condition of the plates, i. e. 
(whether they are slightly sulphated or not) their age, 
etc., that it cannot be employed with a degree of satis- 
faction in limiting the charge. 

In very cold weather, or if the plates have become 
slightly sulphated, it will be found that the battery volt- 


age raises abnormally: high on charge and will reach the 


point of cut off before the battery is fully charged. The 
charge is then stopped too soon and this undercharge 
will cause further sulphation of the plates and result in 
a higher voltage on the next charge and even a more 
premature cutoff. 

On the other hand, if the battery is warm or the elec- 
trolyte too strong, the voltage at the end of charge may 
never reach the point of cutoff, and as the battery con- 
tinues overcharging, will warm up more and actually 
cause the battery voltage to fall away still further from 
the point of cutoff, as the destructive overcharging pro- 
ceeds. 

It is almost self-evident that the operation with a stop 
charge device will seldom be right—but the advocates 
of the stop charge relay say, “it is near enough for prac- 
tical purposes.” As a matter of fact however, as shown 
above, the battery voltage may never reach the cut-off 
point, while. on the other hand it may continue to reach 
that point before the completion of charge, causing an 
increasing sulphation of the plates. 

The combination current and voltage control as now 
advocated by the various manufacturers of axle equip- 
ments, however, may offer a solution to the difficulty. 
It then becomes possible to provide a taper charge or 
reduce the charging current to a low value slightly be- 
for the completion of charge. The limiting voltage 
maintained by the voltage controlling device can then 
be set low enough so that it will never fail to operate 
even at high temperatures, strong electrolyte, or at the 
low charging rates sometimes encountered. In other 
words, this becomes effective just before the completion 
of charge in all cases. The charge at low rate which is 
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maintained thereafter, however, completes the charge 
of the storage battery very effectively, yet is not at a 
high enough rate to cause serious overcharging or over- 
heating of the battery. 

A pretty good analogy of battery charging is obtained 
every time you fill a glass full of water from a faucet 
with a good pressure behind it. It is all right to turn 
the water on full and strong when you begin to fill the 
glass, but if you leave it turned on full blast until over- 


flowing and then suddenly shut it off, you will find your , 


glass is only partly filled. To fill the glass level full of 
water, you must partially turn off the faucet when the 
glass is nearly filled, so that the last part is added gently. 

While in stationary battery practice it may be all right 
to maintain the charging current constant right up to 
the completion of charge, in axle lighting service where 
a voltage cutoff is depended upon, conditions are very 
much like that of the simple illustration above. It is 
much safer to reduce the charging current to a low 
value just before the finish of charge so that the over- 
charging, which usually follows, will not be of a de- 
structive nature. — 


Association News. 


The October Convention. 

Arrangements have just been completed by a joint 
committee of the Association of Railway Electrical 
Engineeers and the Railway Electric Supply Manutfac- 
turers’ Association to hold the next annual convention 
of the Association at the Auditorium Hotel, October 
21-25. . 

The request for space last year so far exceeded the 
capacity of the exhibit hall at the La Salle Hotel, that 
it was considered necessary to make this change in the 
nlace of meeting so that more spacious quarters for the 
Convention exhibits could be procured. 

President Porter, of the Manufacturers’ Association, 
has appointed the following committee chairmen: 

Exhibits—W. F. Bauer. 
Membership—J. Scribner. 
Badges—G. H. Atkin. 
Auditing—J. M. Lorenz. 
Publicity—Edw. Wray. 
Entertainment—Geo. H. Porter. 
Sub-Committee : 
Reception and Dance—W. M. Lalor. 
Theatre—Otis B. Duncan. 
Banquet—J. J. Schayer. 
Speakers—Geo. H. Porter. 

It is a little early to judge, but from all the present 
indications, we think we are safe in prophesying this 
year’s Convention is going to be even bigger and more 
successful than the 1911 Convention—and that’s going 
some. 


Larger Armature Pulleys. 

Except when trains are operated over mountain divi- 
sions or in slow suburban service, it will almost in- 
variably be found that the train speed curve raises 
quickly to a value of 25 or 30 miles per hour. This 
means that what is known as the “critical speed” of an 
axle equipment, usually 12 to 15 miles per hour, is very 
quickly passed. In fact, in the majority of cases, the 
equipment would cut in almost as soon were the critical 
speed 25 miles an hour instead of 12 miles. 

To effect this change in critical speed it is only neces- 
sary to employ a larger armature pulley. By using a 
14 in. pulley instead of an 8 in., the average armature 
speed will be reduced to practically one-half, which will 
result in a great decrease in wear on bearings, commu- 
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tator, brushes, armature maintenance, etc. 

The life of belts also will be very materially increased 
because the greatest part of the trouble at the fastener 
is caused by engaging with a small armature pulley. If 
this pulley be made larger, the angle of bending-as the 
fastener engages the pulley, will be materially lessened. 

On mountain divisions where the average speed is 
oftentimes 18 to 20 miles an hour, this is, of course, out 
of the question, but there is no reason why a larger 
armature pulley cannot be employed to very great ad- 
vantage on the majority of car lighting equipments. 


Voltage Control of Axle Equipments. 


With all the exhaustive development work which the 
manufacturers of axle lighting equipments have carried 
on during the past 10 years, the matter of potential reg- 
ulation has, until very recently, been considered both 
unnecessary and undesirable. 

In the original constant current regulators there was 
but a mere pretense made at voltage regulation, and 
since the inherent principle of the constant current regu 
1ator is such that’ it will maintain a predetermined cur- 


rent value regardless of the voltage required, the lamp 


voltage followed very closely the rise in battery voltage 
as the battery became charged. 

This, of course, was an objection to the constant cur- 
rent machine, but the advantages, simplicity and relia- 
bility, were of greater importance; the mere variation 
of a few volts on the lamp circuit was not, in those 
days, considered serious. 

In 1905 what is known as the McElroy system was 
developed and a few equipments placed in service. This 
operated on a voltage control principle where a few 
turns of heavy wire wound on the voltage control coi! 
which prevented excessive battery current flow. For 
some reason or other, probably on account of mechani- 
cal defects, this equipment never got beyond the experi- 
mental stage. ’ 

We have always maintained in these columns that the 
voltage of a storage battery is no reliable criterion of 
its condition of charge on account of the great influence 
of certain variable factors such as temperature, current 
rate, conditions of plates, etc. Accordingly, the opera- 
tion of so-called stop charge devices which depend en- 


‘tirely upon battery voltage for their operation and as- 


sume the voltage at the end of charge as a constant and — 
reliable value, cannot operate with more than tempor- 
ary success. 

Although the voltage of a battery at finish of charge 
is not a fixed value and should not be used as an abso- 
lute basis in controlling the equipment, it can no doubt, 
be employed to advantage as one of the determining 
factors in controlling the operation of an axle equipment. 

One manufacturer has, for some time, been operat- 
ing equipments on a combined voltage and current prin- 
ciple, in which the voltage regulation becomes effective 
after a certain point of charge has been reached. This 
point at which the voltage regulation becomes effective 
is well below the overcharging voltage at normal tem- 
perature of current; so the varying conditions of tem- 
perature and current rate should not interfere with the 
effective operation of the equipment. 

There is not the slightest doubt but that the activity 
of the various manufacturers in developing voltage con- 
trolling devices marks an epoch in car lighting history, 
and will result in much better operation of the equip- 
ment, from a battery point of view, at least. 

Overcharging should then be largely eliminated, and 
any formation of sulphate on the plates should be 
auickly broken down by the high current rate at the 
beginning of charge. 
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ATLANTIC CITY, N. J. 


The Semi-Annual Convention of the A. R. E. E. held 
June 14th, at Atlantic City, was by far the most suc- 
cessful Semi-Annual Convention ever held. 

There were over 60 in attendance at both the morn- 
ing and afternoon sessions, and the topics and lively 
under the Conven- 


discussion which are _ abstracted 


Out for an- Airing with Their 
Nerse, 


tion Report in this issue, made the Convention a very 
interesting and most instructive one. 

The Convention Special left Chicago Tuesday after- 
noon, June 12th at 3 o’clock on the Pennsylvania and 
reached Atlantic City Wednesday afternoon at 2.10. 
The train of 13 Pul'mans was filled with «railroad 
officials and supply men, and everybody had a most 
enjoyable time. |The weather was cool and the trip 
delightful. 

There wasn’t supposed to be much in a social way 
this year at Atlantic City on account of the change in 
entertainment plans of the M. C. B. and M. M. Asso- 
ciations, but this bunch of snap shots shows pretty well 
that “Jack” didn’t have quite “all work and no play.” 


Uan’t Lou siear Him 


Quantzintecomatzin (Royal Diner) (Which One?) 
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Semi-Annual Convention, A. R.'E. EF. 


JUNE, 14, 1912 


Morning Session 


President’s Address. 


“Gentlemen :—In spite of the ‘hard times’ considerable 
progress has been made in steam railway electrical work 


for both lighting and power purposes. While perhaps 


Yell? 


All Aboard. 


Posing. 


no startling inventions have been made, the advancement 
in economy and improvements has been considerable. 


“In lighting, special study has been made by several 
investigators to determine the effect of various types of 
illuminants and of the various conditions and the char- 
acter of and the number and location of light sources 
upon visual acuity and upon eye strain. It is realized 
that the condition of the eyes’ has considerable influence 
upon the health and personal comfort of people, so that 
eye strain may destroy the effect of otherwise luxurious 
trains and expensive service and ‘spoil the trip.’ Conse-, 
quently sufficient and properly directed light becomes 
quite necessary to produce comfort and leave a delightful 
memory with the passengers after their return from the 
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trip. Air washers to cleanse the air supply, vacuun) 
cleaners to remove the dirt without raising most un- 
sanitary dust, to the great annoyance of the passengers, 
and indirect lighting have all been tried recently, with 
varying success, to add to the comfort of passengers 1n 
the best trains. ; 

‘With the improvement of lamp regulators, there has 
come a tendency to use regulators designed to maintain 
reasonably constant the voltage, instead of the current, 
the idea being that the battery can be more quickly and 
more economically charged in this way. Provision 1s 
required in the regulation to limit the output of the 
dynamo when the load is heavy or the battery is dis- 
chareed. 

“During the past year I believe that our committees 
have all done verv good work. I know that the Executive 
Committee has always had well attended meetings and 
cosiderable interest has been shown in various ways 
in the work of the Association, considerably more so 
than in previous year, perhaps. . 

While much has been accomplished, there still remains 
a very great deal to be done to promote uniformity in 
apparatus and practice, and I think that we should get 
together more frequently in small groups and engage 
in frank discussion of conditions, also of apparatus, of 
practice and of opportunities offered to increase the 
quality and efficiency of service. More careful analysis 
and study of actual results is urgently needed to promote 
a more satisfactory progress. 

‘By keeping our committees informed of the facts 
brought out in our small discussions,. we can greatly 
enhance the value of the committee work, and its help- 
fulness to us all, and build up standard practice. This 
kind of work is required to obtain a standing and to 
command respect for our Association. If we do not do 
this, we waste our time. 
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“Let us get busy today and put ginger and lots of 
enthusiasm into our work. 

“T might add that various efforts have been made to 
bring the different allied associations together, so as to 
properly co-ordinate the work of the Illuminating Engi- | 
neering Society, the American Institute of Electrical 
Engineers and other Associations so as produce the 
best results, and not. all be. working over the same 
ground.” 

The report of the Secretary-Treasurer was then read 
and accepted. 

Secretary Andreucetti presented some letters from the 
Mayor of St. Louis, the President of Missouri and 
various St. Louis Associations, inviting our Association 
to hold its next annual meeting in that city. These were 
laid on the table for further consideration at the annual 
convention. 

The Secretary also presented a letter from Mr. F. L. 
Hutchinson, Secretary of the American Institute of 
Electrical Engineers, advising of the appointment of 
Mr. J. H. Davis and Mr. Chas. R. Stggeeegervemas 
members of the committee on Organization of the Inter- 


‘ national Electrical Congress to be held at San Francisco, 


Sevtember 1915. 

It was suggested that the Association bear at least 
a part of the expenses of these gentlemen in case it 
becomes necessary to hold any meetings in San Fran- 
cisco, but this matter was referred to the executive. 
committee for action. 

Another letter from the Electrical Testing Labor- 
atories extended a cordial invitation to all of the mem- 
bers who wished to visit the laboratories. Subsequently 
a small visiting partv was arranged and made a very 
interesting tour of the testing laboratories. 

The report of the sub-committee on ball bearings was 
then read by Mr. Sloan. 


Committee Reports 


Report of Special Committee on Standardization of Ball 
Bearings for Axle Generators. 

Your Sub-Committee on the question of standardizing 
ball bearings for axle generators submits the following 
as their recommendations: 

First: Pulley and commutator end bearings should 
be the same size. 

Second: The pulley end bearing should be a press fit 
within the limits given by the manufacturers of ball 
bearings. The bearing should be mounted directly on 
the axle. That is, construction requiring a sleeve for 
-this bearing is not approved. The bearing should 
“Float,” or in other words, should only be required to 
take radial load. 

Third: The commutator end bearing should be 
mounted on a sleeve, and the bearing secured so that 
it will have no play longitudinally to the shaft. In other 
words, this bearing must be mounted so it will take the 
end thrust. 

Fourth: Open ends of housing around each bearing 
should be provided with grooves, and the outer end of 
the housing for the pulley bearing should have two 
grooves and one felt washer. 

Fifth: Each bearing must be mounted on the shaft 
between a shoulder and nut, and locked securely in place. 

Sixth: The size bearing should be that known as the 
412. 

There was considerable discussion as to the size of the 
bearing but on the final vote the majority of the com- 
mittee were in favor of the 412 size. 

Seventh: The nipple for the grease gun shall be of 


3g” pipe, with standard pipe thread, properly capped. 
The question of standardizing the pulleys was discussed 
at length but as standardizing the pulleys necessarily 
affected all generators now in service, and as each make 
of generator uses a pulley that differs in some essential 
dimension from pulleys of all other makes it was thought 
best that this question be referred back to the Committee 
on Standards. It was admitted by all that from the en+ 
gineering side there was no reason why the pulleys could 
not be made standard, and further that from the operat- 
ing side it would be advantageous to do so. From the 
commercial side, however, the fact that of the pulleys 
that have been supplied by the manufacturers no two 
makes are interchangeable and that there are thousands 
of these pulleys and shafts in existence, was considered 
of such importance that your committee, as a whole, did 
not feel that they could make any recommendations. 
_Some of the members of the committee. while appre- 
ciating the point of view taken by the others, namely, 
the objections from the commercial side, felt that undue 
weight was given these objections. The view these 
members took of the matter was that the railroads now 
have to carry various shafts and pulleys—that these 
shafts and pulleys wear out or are broken, and that on 
this account the new shaft and pulleys could be ordered 
in accordance with the standard recommended. This 
procedure would entail carrying extra shafts and pulleys, 
but eventually would result in all pulleys being inter- 
changable on all generators, and this condition would 
be a decided advantage to the railroads and would not 
be a hardship to the manufacturers, provided the rai!- 
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road companies in ordering shafts and pulleys would 
clearly specify what was wanted. 

The committée does, however, recommend that the 
armature shaft pulley keys shall be of 34” square stock 
and the key-way in the shaft and pulley bore shall be 
cut parallel to the axis of the shaft. 

The committee also discussed the question of lubricant 
to be used with the ball bearings and recommends that 
this lubricant shall conform to the following: 

First: Shall not, when new, contain either free acid 
or alkali. 

Second: Shall not, when old, contain free acid. 

Third: Shall not oxidize or materially evaporate. 

Fourth: Shall not pound thin in service. 

Also that the lubricant shall be applied as follows: 

Before placing generator in service for the first time, 
the bearings shall be filled with lubricant. When the 
generator is in service the lubricant is to be injected with 
a “Gun” at such intervals*as the railroad company may 
determine as necessary. 

Respectfully submitted, 
Wiese bel Ls 
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Mr. Sloan of the Pennsylvania advised as supplement- 
ing the report of the committee on ball bearings, that he 
had gone into the matter of a standard armature pulley 
very carefully and would gladly submit prints to any 
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desiring them. Mr. Sloan’s drawings are however, 
published herewith although they do not become a part 
of the committee report. 


Standards. 

D. J. Cartwright of the Lehigh Valley, chairman of 
the Committee on Standards, then outlined the proceed- 
ings of a recent meeting of the Committee on Train 
Lighting Practice of the M. C. B. Association, of which 
he is a member. 

Twenty-two of the twenty-seven recommendations 
made by the A. R. E. E. 1911 Convention, are included 
in the M. C. B. Committee report. Of the remaining 
five, three have been referred to the Arbitration Com- 
mittee of the M.C. B. These refer to No. 27, Generator 
Clearance; No. 19, Charges for service given foreign 
cars; and No. 17, relating to straight seat on car axles. 
Two of the A. R. E. E. standards were omitted fronr 
their report, as follows:—No. 23, Location and Con- 
struction of battery boxes, and No. 27, 6 in. clearance 
above top of rail. 

Mr. Cartwright pointed out that in our recommenda- 
tion No. 10, that generator fuse “may” be installed be- 
neath the car, when wiring is not done in metal conduit, 
the M. C. B. committee insists on these fuses being in- 
stalled in all cases; these fuses. however, to be at least 
100% above the capacity of the fuses on the switchboards 
protecting the same leads. 

Mr. Cartwright said that he favored making this 
optional with each railroad and asked for an expression 
of opinion from other railroad men present. 

Mr. F. E. Hutchison of the Rock Is'and said that 
even with our present equipment it was difficult to main- 
tain terminal blocks, etc., and that the addition of two 
more fuses beneath the car would involve more trouble 
than the advantages would warrant. He said it was 
hardly considered necessary in stationary work to place 
circuit breakers and fuses right on the generators them- 
selves in addition to breakers and fuses on the switch- 
board. 

He-felt that when wiring was done in conduit it was 
entirely unnecessary to require this additional circuit 
protection. 

The sentiment of the meeting seemed to be rather 
opnosed to the use of extra generator fuses, and a moticn 
was passed to that effect. 


Illumination. 


In the absense of Chairman Gilman, the report of the 
Committee on Illumination was then briefly outlined 
by Mr. A. J. Sweet of the Nelite Works. He said that 
they planned to cover two general fields in their report: 
One, summarizing the proposed series of tests on postal 
car illumination, and the other, to cover a_ general 
discussion of accepted theories and of illumination as 
applied to railroad stations, offices, yards, industrial 
plants, etc. 


Specifications. 


Mr. J. R. Sloan than presented the report of the Com- 
mittee on Specifications under its various subdivisions 
of belts, lamps, and rubber covered wire. He said 
that a large number of samples of belting were obtained 
from different manufacturers and a series of tests run 
upon these samples. Based on results obtained from 
these tests, tentative form of specification was drawn 
up and submitted to the various manufacturers of car 
lighting belt. Manufacturers criticisms have subsequent!y 


_ been received and the first specification is being revised 


in the light of these criticisms and further tests that have 
been made. ° 
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As to the Sub-committee on Lamps, Mr. Sloan said 
they had held no formal meeting as yet, but had informal- 
ly agreed that the report should be divided into two parts: 
one to recite a detailed description of the lamps recom- 
mended for purchase, the conditions they must meet and 
the methods of inspection and testing; two, to cover 
instructions, (to the ordering and purchasing departments 
of the purchaser), relative to the proper method to be 
pursued and the information necessary to be given in 
the ordering of lamps. 

Part one should be sub-divided approximately as 
follows :— . 

Ist General requirements. 

Definitions and standards. 

3rd Method of inspection and test. 

4th Physical characteristics. 

5th Electrical characteristics. 

6th Schedules. : 

Mr. Sloan said that the Sub-Committee on Rubber 
Covered Wire had been making good progress; the 
various members have prepared preliminary specifications 
and these were submitted and discussed at a meeting of 
the committee held in New York, April 26th, 1912. A 
preliminary draft of the committee report was drawn up 
embodying the results of the day’s discussion and copies 
of this are now in the hands of the members for further 
discussion. It is hoped that two or three more meetings 
will result in a complete series of wire specifications 
satisfactory to both consumer and manufacturer alike. 
Improvements. 

A progress report of the committee on improvements 
was presented by Chairman Meloy, of the Lake Shore, 
and showed that an active campaign among manu- 
facturers was being carried on by the committee so as 
to have the 1912 report include all improvements made 
during the past year. . 

Train Lighting Practice. 

Mr. F. E. Hutchison, of the Rock Island, then pre- 
sented the progress report of the Committee on Train 
Lighting Practice which was as follows:  , 

“Battery Charging:—The matter of charging has been 
discussed at length as to straight charges, and now the 

Pennsylvania people are going to high charges. 
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‘Charging Plants:—There is a great deal in this 
subject, methods of washing batteries and arrangement 
of battery houses and details of inspection, are points 
that we will cover, also going’ into the matter of or- 
ganization, outlining the organization of the larger 
terminals of the various railroad companies. We have 
figured that two men can very easily inspect twelve axle 
equipments a day, exclusive of battery, with the aid of 
shopmen for repairing the dynamos, over-hauling them 
and fixing up all parts. We have gone into the subject 
of organization quite extensively, and I believe that it 
would be almost an impossibility to lay out any definite 
erganization that would meet all the conditions on the 
various railroads.” 

The Committee on Data and Information reported 
only indefinite progress and the promise of a good strong 
committe report at the annual convention. 

Secretary Andreucetti presented a letter from Mr. 
A. J. Farrelly, Chairman of the Committee on Wiring of 
Buildings, in which he reported that several specifications 
covering different phases of the work, are in a pre- 
liminary state. 


President Frost urged that more committee meet- 


ings be held-and said, that invariably where a railroad 
man took the trouble to attend one of these committee 
meetings, he always carried away with his some of the 
experience of others present which might be of great 


value to him in his work. He felt that instead of con- 


sidering these meetings as a burden, as some railroad 
men do, they ought to look on them as a special oppor- 
tunity for them to get. some good ideas and experience. 

Mr. Hutchison suggested that it would be a great help 
to committee men if members would make a memor- 
andum to committee chairman of any stiggestions along 
the particular line of work taken up by that committee 
that might occur to them. 


Afternoon Session 


Meeting adjourned. 

The afternoon session was opened by an informal talk 
on the individual motor drive in railroad machine shops 
by A. I. Totten and Mr. F. H: Hersch. 

Mr. Totten’s remarks are as follows :— 


Electrical Equipment in Railroad Shops 


A. I. TOTTEN and F. H. HERZSCH 


Informal Talk by A. I. Totten, General Electric Co. 

Mr. President—Gentlemen ! 

The rapid strides in, the development of shops for 
maintenance of locomotive and car equipments on the 
Steam Railroads, has called for unusual endeavors on 
the part of the electrical department, in order to keep 
abreast of the times and provide satisfactory and econo- 
mical means for operating the shop machinery and fur- 
nishing lights for the property. 

The first modern shops constructed during the latter 
part of the nineteenth century, had installed machinery 
which was operated in groups by comparatively large 
motors. At that time, the individual drive for machine 
tools was practically unknown. The first step toward 
the operation of machines individually, was the multiple 
voltage system, originally advocated by the Crocker- 
Wheeler Company. Several shops were equipped with 
this system, notably the Collinwood Shops of the Lake 
Shore & Michigan Southern Railroad and the McKees 
Rock Shops of the Pittsburg & Lake Erie Railroad. 

About ten years ago, a scheme, whereby motor speeds 
could be varied by weakening the field of the motor, was 


devised and this method is practically the only one in use 
today, when making installations where a constant horse 
power must be maintained, and variable speed provided. 

The alternating current motor was not used in any of 
the first modern shop installations, but in more recent 
years, the alternating current motor for constant speed 
work is rapidly superseding the direct current motor. In 
a great many cases, however, both alternating and direct 
current is used, the former for constant speed machinery 
and the latter for variable speed machinery, cranes, trans- 
fer tables and hoists. It has now, however, been suc- 
cessfully demonstrated that alternating current motors 
are wholly applicable for hoisting duty and other work of 
like character. 

The power plant equipments have also passed through 
the various stages, beginning with engines, belted to gen- 
erators and progressing through the direct connected 
engine and generator units to what might now be termed 
the “turbine age.’ It might be safely stated that no 
power plant is constructed at the present time, without 


the installation of turbines being given the most careful: 


consideration. In the case of comparatively large shops, 
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the standard power plant equipment, generally consists 
of alternating current turbo generators with motor gen- 
erator sets installed to furnish direct current for the 
operation of variable speed machine tools only. Some 
shops have been constructed, however, in which all 
machinery is operated by alternating current, thereby 
obviating the necessity of using motor generator sets in 
the power plant. The step toward the exclusive use of 
alternating current for shop operating purposes, has been 
checked by the recent development of reversing motor 
driven planers, designed for direct current operation 
only. The enormous saving which can be affected by the 
installation of reversing motor driven planers, makes it 
advisable to install direct current for driving them, if 
for no other purpose. 

I will now briefly review some of the more important 
progress made in the design of new equipmént during 
the past year. 

It had always been the usual practice to install face 
plate types of rheostats for starting constant speed, direct 
current motors. These as a rule have proven a source 
of trouble and their maintenance depends, to a great 
extent, upon the gray matter used by the operator in their 
operation. If started too slowly, a severe flashing at the 
first point results, necessitating, as a rtile, repairs of some 
kind, before rheostat can be placed in suitable operating 
condition again. If started too fast, the result is to 
throw out the circuit breaker, thereby ‘causing delay and 
annoyance. 

The Company, whom I have the pleasure of represent- 
ing, have now developed an automatic contactor, operat- 
ing on the current limit principle, for use in connection 
with a push button control, and there is no doubt but 
what this will be used practically exclusively for direct 
current motor starting equipment. The Chicago Rail- 
ways Company, installed automatic control in their 
Chicago shops about two years ago, and undoubtedly 
they were just about two years ahead of the times. In 
their shop installation the machine tool is started and 
stopped by push buttons. This takes the matter entirely 
out of the hands of the operator, which is a most desir- 
able feature. I trust that those present will bear the 
foregoing in mind when writing specifications for new 
motor equipments, as otherwise, they will be installing 
apparatus which will undoubtedly be considered obsolete 
‘in the very near future. 

You are possibly all aware of the fact, ‘that the elec- 
trical companies, now have on the market, automatic 
control equipment, especially designed for use in connec- 
tion with motors operating driving wheel lathes and car 
wheel lathes. These control equipments are provided 
with four push buttons, for the following purposes, 
namely :—starting, stopping, retarding speed and accel- 
erating speed. By the means of apparatus of this char- 
acter. the sneed of machine can be reduced so the tool 
may nass through hard spots in the tire without injury. 
An equipment of this character, also makes it possible 
for the operator to control the motor from one or more 
convenient points. 

I have already mentioned briefly about the new revers- 
ing motor driven nlaner equinments. It has heretofore 
been quite a problem to satisfactorily operate planers 
with motors, especially when necessary to apply the 
motor to an old machine. The motor was. as a rule. 
mounted on top of the housing and power transmitted 
through gears and belted to the pinion below the planer. 
With the newly developed reversing motor driven planer 

equipment, the motor is direct coupled with the 'ower 
shaft of the planer and all belting and part of the gearing 
eliminated. The cost for applying one of these equip- 
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ments to an old planer would probably not exceed $25.00, 
inasmuch as a coupling only would be necessary and the 
scrap value of the belting, pulleys, etc., removed from 
the planer, will probably more than compensate for the 
cost of applying the reversing equipment. 

It has been estimated that the reversing motor, when 
applied to a planer, causes a saving in time required to: 
do a piece of work of approximately 50%. No doubt, 
this sounds like a broad statement, but it is nevertheless 
true. We have installed in our Works at Schenectady, 
a number of these equipments, and in each case, have 
been able to reduce piece work prices, without any ob- 
jection on the part of the operators, due primarily to the 
fact, that a much larger output can be obtained. As a 
matter of fact, the increased speed of acceleration alone 
of the direct connected motor over the old method, saves 
in the neighborhood of 25% in time. In addition to this, 
we have the advantage of speed control inasmuch as 
practically any reasonable cutting speed or return speed, 
can be obtained by simply moving the field rheostat 
handle. 

A few brief words in connection with wiring for shop 
motors and lights, may not be amiss. It was formerly the 
practice to run the wiring around the shop in the open, 
from joist to joist. This was a constant source of trou- 
ble. as the wires were being constantly disarranged by 
ladders, etc. There was also, as a rule. an excessive fire 
risk. In more modern shops today. the wires are run in 
conduit throughout, the wires running from the main 
switchboard and power house to distributing panels. and 
from these to the motors. A separate switch and fuses 
on the distributing panel for each motor, obviates the 
necessity of having a switch at the motor. although it is 
most desirable to have a circuit breaker in the case of 
direct current motors and overload relays in the case of 
alternating current motors, as a form of protection to 
the motor. A no voltage release in each case, should 
also be provided. 

In connection with the lighting, I think it might safelv 
be said. that the carbon arc lamp is rapidly going out of 
use. When the enclosed arc lamp was developed twentv 
or more years ago, it was looked upon as a wonderful 
thing, as compared with the older, type of open arc. 
Now the enclosed arc has proven uneconomical as com- 
nared to flaming arc, magnetic arc and tungsten lamns 
for shon and yard lighting. In the case of shops w'th 
low ceiling, tungsten lamps are nearly always suitable. 
For shops with high roofs, such as erecting shops, black- 
smith’s shops. etc., an installation of flaming are lamps 
will in nearly every instance prove desirable. For out- 
door lighting, we have the choice of three lamps, name- 
ly :—tungsten, flaming arc and magnetite, the choice de- 


pending unon local conditions. 


T would like to make a few remarks on the subject of 
snecifications for electrical apparatus. I receive, from 
time to time, specifications prepared by the various 
railroad electrical engineers, which it is practically im- 
possible to meet. In some cases. a full load temnpera- 
ture of 35 degrees and 25% overload temperature of 40 
degrees is pppeifed. This is a condition which cannot 
be met. If the full load temperature is 35 degrees, the 
25% overload temperature will be more than 40 degrees. 
This is merely an example of some of the specifications 
and I would request the gentlemen present to prepare 
their specification, in the future, so that, if possible, 
they correspond to the American Institute of Electrical 
Engineers standards, in order that there may be no diffi- 
culty in submitting propositions on machines to meet 
your requirements. 

It has been stated to me several times, that the aual- 
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ity of apparatus, such as motor generators, etc., Now 
being manufactured by the electrical companies, is not 
equal to the quality of similar apparatus built ten years 
ago. This, gentlemen, is a most erroneous statement. 
The quality of electrical apparatus is improving every 
year and the material used in its manufacture, is propor- 
tioned so as to give the maximum output with a mini- 
mum temperature rise and provide sufficient stability 
for mechanical purposes. 

You will probably recall the first induction motors 
placed in the market, which had an overload capacity of 
possibly 100%. This did not mean that they were ex- 
ceptionally good motors, it was merely a demonstration 
of the inability of engineers of that period, to design 
motors having an output corresponding to the rating. 
In other words, they were entirely too conservative, 
trying to avoid the possibility of failure. It is true that 
both motors and generators manufactured today, are 
much lighter in weight than those built ten or fifteen 
years ago, but these machines are designed so as not to 
exceed the temperature rating specified. They have a 
higher efficiency than the older types, so it certainly can- 
not be said that the manufacturing art is deteriorating. 

I think that is all I have to say, gentlemen. I espe- 
cially want to impress upon you the value of standardi- 
zation in your specifications and to request that in plac- 
ing requisitions covering material, you indicate clearly 
the apparatus to be furnished, as otherwise you merely 
get the standard equipments turned out by the various 
electrical manufacturers and the standard equipment 
does not include the refinements which are now neces- 
sary in order to keep the electrical end of the shop in- 
stallation on a par with the balance of the engineering 
construction. If the large electrical companies making 
a specialty of following the steam railroads’ require- 
ments, in order that they may design apparatus applica- 
ble to their purpose, attempted to quote upon these spe- 
cial accessories which I have recommended, the quota- 
tions would, undoubtedly be rejected by your purchas- 
ing departments on account of price. 

I thank you for your attention. 

Mr. FP. H. Herzsch, of the Westinghouse Elec. & Mig. 
Co.. then continved the discussion on electrical operation 
of railroad machine shops as follows :— 

“The Railroad repair shop has one feature, the source 
of power, which is very important consideration. The 
development in size and reliability of the central stations 
is making it an open question whether it is really cheaper 
to generate the power or to purchase it from the central 
station. 

Each railroad shop has its own peculiar conditions 
and each shop should be investigated by an expert com- 
mercial engineer to determine if such a saving in Opera- 
tion could not be effected by the purchase of power to 
make it well worth while. 

There are many conditions, as have been mentioned 
by Mr. Totten. where direct current motors can best be 
used, and the increasing number of steel cars is tending 
toward a greater use of metal working tools, which in 
general require direct current motors. The average 
shop will have direct current from forty to fifty per cent 
of the total power, and there have been cases where 
that was exceeded. On account of the low load factor 
and the necessity of operating alternating current motors 
at light load, the power factor of the railroad shop is 
low, in fact it has been as low as sixty per cent in some 
cases. -In those cases the power factor correction can 
be obtained by a synchronous motor, which in turn would 
drive the motor for furnishing direct current. 

“In cases where the power factor does not need specific 
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correction, the direct current can be better obtained from 
a rotary converter. They have several advantages. The 
cost of the sixty cycle transformers and.converters will 
in general be less than that of the synchronous generator 
set. Their weight will be less than the motor generator 
sets, requiring less expense for freight and handling. 
The full load efficiency of the rotary converters and 
transformers would be at least 5% better. At light loads 
the rotary converter would still be better, but not quite 
so much as 5%, «age 

“In general, I would favor individual motor drive. 
There are a number of reasons for that which have been 
discussed more or less in the past, and I think it would 
be advisable to go over some of them again, becaise 
there still is a tendency to use group drive. 

“In the first place it takes power to drive a line shaft 
and the power costs money whether you buy it from 
the central station or make it from coal. We have a test 
record of a shaft three inches in diameter driving twelve 
tools, the ordinary shop tools, and that is not an unusual 
line shaft for a number of railroad repair shops. The - 
friction load of that shaft without any load on the tools 
was 6.3 k.w. and the average for the machine loads was 
8 k.w., making a total of 14.3, and in this case the 
friction load was 44% of the total. As a line shaft 
running light would not have as much friction as that 
shaft loaded under side strains, the figure 44% is con- 
servative. 

“Other general advantages of the individual drive are 
that you can get better head room for the crane service 
and better lighting conditions on account of the elimina- 
tion of the belting, and get more convenient arrangement 
of the tools with reference to handling of material. The 
tools in that case do not have to be located with regard 
to the shaft, but can be located at will. Belts which are 
liable to slip are the weakest element, and by eliminating 
the belt, more power can bé supplied to the tool, with 
a consequently greater output. 

“The speed adjusted with an individual drive is a 
simple matter. The type of motor can be selected which 
will hold the speed constant at any adjustment. By 
moving a controller handle, which can be located on the 
machine, the speed can be changed instantly. A given 
piece of work can be finished quicker with individual 
drive than with the mechanical drive. There is a saving 
in time in making the speed adjustments and adjusting 
the work. There is no slowing down of the tool on 
heavy loads due to belt slinpage and the tool is not apt 
to be delayed by the accidents to other tools. There 
are often cases where the power to any machine is 
transmitted through three or four belts, with the chance 
of slippage in each belt. 

“The saving in time is quite an item for the operator 
as well as the tool, and the time of the former is often 
not as valuable as that of the latter. A machine tool 
should be charged up with an equitable portion of the 
taxes, interest and depreciation on the buildings, the 
interest and depreciation on its own value, the repairs, 
renewals and salaries, general maintenance expenses 
etc., constituting what you might class as a machine 
hour rate. 

“For large tools this may vary from 50c an hour to $5 
an hour, which is considerably more than the time of 
the operator. You may assume that the lowest rate is 
50c per hour and the operator is paid 35c an hour, making 
a total cost of operation of 85c an hour. As the tool 
will probably be under load approximately one-third of 
the time, due to the delays on account of changing the 
work and waiting for cranes, etc., the total cutting time 
of that tool is worth $1.50 an hour, making the tota! of 


mary, 1912. 


machine and operator $1.85 an hour. Now by installing 
the motor drive and with the savings and increased out- 
put, the output should be increased from 20% to 
25% of that and would effect a-saving on that tool. of 
about 45c an hour,—more than enough to pay the 
operator. 

“The uniform motion of motors permits their use in 
buildings that would not stand the jar and vibration of 
the long line shafts, which are seldom in good alignment. 
They may be so when installed, but they will not remain 
so. Therefore, if a new building is being put up, it would 
be a great deal cheaper to install individual drive because 
the building would not have to be as expensive on account 
of the elimination of line shaft, supports, etc. 
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“One of the biggest advantages of individual drive is 
the opportunity of checking up the record of a motor 
driving a tool. By the use of a graphic meter the per- 
formance can be accurately measured, entered and re- 
corded. The meter will show just when the machine 
was started and when it was stopped and how long and 
under what loads it operated. It can be located in the 
foreman’s office and circuits arranged so that it can be 
connected at will with any of the machines, and when 
such a record of a machine is being made, the meter will 
show delays in operation that might otherwise be un- 
noticed; delays such as undue delay in starting up in 
the morning, quitting before the regular quitting time, 
and operating machines at light loads. 


Illumination of Railway Cars 
A. J. SWEET 


The president then called upon Mr. A. J. Sweet of 
the Nelite Works of the General Electric Co., to give a 
few remarks on the subject of “Illumination of Railway 
Sars.” 

Mr. Sweet said that the primary duty of an engineer 
is to harmonize more or less conflicting requirements. 
Engineering is largely a study of requirements and 
striking a proper balance between conflicting require- 
ments. The question of determining the relative im- 
portance of various requirements is of highest import- 
ance. 

Mr. Sweet said that he considered there were three 
‘major requirements in car lighting, as follows: 

. 1. Comfort of Passenger. 
2. Artistic Effect. 

3. Efficiency. 

These being in the order of their relative importance. 

Mr. Sweet said that it was always necessary, how- 
ever, to consider different classes of passenger service. 
In other words, in postal car service, efficiency might 
_ be the first requirement, while comfort of the men and 
artistic effect, would be secondary. Considering the mat- 
ter from a broad point of view, however, he said that 
he would consider the primary requirement to be the 
comfort of the passengers, both that of immediate 
ocular comfort and the comfort in avoiding eye fatigue. 

Mr. Sweet differentiated between these two points, 
stating that immediate ocular discomfort is experienced 
when one looks directly at a light or is compelled to view 
objects with exposed lamps in the line of vision. Light 
sources of high intrinsic brilliancy always brings imme- 
diate ocular discomfort. One of the ways of avoiding 
this is to use diffusing bowls or shades. Matter of eye 
fatigue on the other hand is much more difficult to deter- 
mine. In fact, the passenger does not always realize 
that his headache or depressed feeling is due to fatigue 
of the eye. As the knowledge of illumination becomes 
more and more disseminated, however, people will learn 
to recognize this point. 

Eye fatigue is primarily caused by two factors; first 
the motion of the visualized object; second, light shin- 
ing directly at the eye. All the light entering the eye 
not used for vision tends to reduce the efficiency of the 
eye. This reduction in eye efficiency may easily be as 
great as 50 per cent. even with light opal diffusing 
shades. Eye fatigue can be eliminated very largely by 
the use of opaque or nearly opaque reflectors. 

_ Under the heading of efficiency, Mr. Sweet said that 
in car lighting we usually have to deal with dark head 
linings and a large percentage of window space which 


causes the maximum of illumination inefficiency. It, 
therefore, becomes necessary to have practically all of 
the light come directly from the light source or from the 
reflector used in connection with the lamp. 

Mr. Sweet here pointed out, however, that the result 
of recent researches which he had conducted showed 
that light colored walls tend to reduce the efficiency of 
the eye, so that a large amount of window space and 
dark woodwork should not always be considered as an 
undesirable feature of the car. Light head linings, 
however, would undoubtedly improve the illumination 
efficiency without reducing the eye efficiency. 

As to the matter of indirect lighting for railway cars, 
Mr. Sweet said that the present type of car construction 
is very unfavorable to this type of lighting. First of 
all, the head lining is comparatively dark, and, second, 
the center deck being so far above the quarter deck, a 
large amount of light from the indirect system will be 
absorbed. by the ventilating sash. He said that the best 
type of indirect lighting which could be installed in the 
present type of car would not give more than 25 per 
cent. of the foot candle illumination that can be obtained 
from other systems of illumination. He said that pos- 
sibly by improving the color of the head linings and 
making the ceiling the full arched type, we might get 
40 per cent. of the illumination obtainable by the best 
direct lighting. The main advantage of the indirect 
system does not lie in the fact that the light source is 
concealed, but rather because of the fact that it gives a 
multiplicity of light sources. This greatly reduces the 
specular reflection of light from paper in books or mag- 
azines which are being read. 

Mr. Sweet presented some interesting data on the 
illumination obtained with various types of reflectors 
as given below. These values are obtained from actual 
installation tests and are based on 8.3 watts per running 
foot with a bowl-shaped reflecting unit: 


Geraapuisinatic ereflectOry 2)... os. ee es Sb etic 
Sameinish prismatic eretiectors .. 22. 2..2...2.5f.c, 
Be OPA UE TELECtOR «4. ost athdis caidas Wen and. LCs 
mee nem prismatic. clobens eis tegen. oe 42.3" Ec: 
Ie Paensitys opal rétlector,...,2.'s 242.4 1.230 f.c. 
Opal bowl with enameled reflector......... Deve fect 
TE. Tel J EGgn Ts OS thee ie ee are Racy? P36 


Mr. Sweet placed the advertising value of the illumin- 
ation in the car as one of the minor requirements. He 
said that this had often been made one of the major 
requirements, however, and long rows of bare lamps 
placed in a car evidently to impress the public with the 
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glare of the electric light. The education of the public, 
however, is improving this point so that the system which 


is now of good advertising value is one which is so be- 
cause of its comfort and artistic beauty. 


Artistic Possibilities in Car Lighting Fixtures 


L. SKEPMOES 


The illuminating engineer is chiefly concerned in get- 
ting the most efficient means for artificial illumination. 
His abilities are trained on the source of light and its 
proper distribution. The lamp manufacturers are inter- 
ested principally in increasing the available light source 
and life of the lamps. The reflector manufacturer de- 
votes his efforts toward meeting the illuminating engi- 
neers’ requirements and incidentally toward selling his 
products. The fixture designer has to take what the 
illuminating engineer, the lamp manufacturer, the re- 
flector manufacturer and his prospective client give him 
and then goes to it with the hope of producing some- 
thing new, novel, cheap, efficient and artistic. Some 
specifications, by the way. 

It is easy to make a fixture new and novel if you 
don’t care how efficient or artistic it becomes. It is 
easy to make a fixture cheap without the other qualifica- 
tions and it is sometimes easy to sell cheap fixtures once, 
but not twice. The efficiency of a fixture is easy to 
maintain if you have the co-operation of good illuminat- 
ing and mechanical engineers, and use good lamps and 
reflectors. To combine mechanical and_ illuminating 
efficiency and originality with artistic effect in a cheap 


Fig. 1. Four Light Center Fixture, As Usually Shown in Catalogs. 


fixture is what sends the gray hairs and hollow eyes to 
the designer. 

Probably not: more than 25 per cent. of the time that 
the average passenger car is occupied is it necessary to 
have artificial light. It is, therefore, important to con- 
sider the appearance of a lighting fixture both when 
lighted and dead. We must admit that a fixture is 
more the center of composition in car design when light- 
ed, than in daylight. The eye is always attracted to 
the brightest spots in a composition and for that reason 
we notice a fixture more at night than in daylight. 

The appearance of a fixture undergoes a radical 
change when lighted. The fixture is viewed as a mass 
in daylight. Its lines and proportions must be pleasing. 
The color of the glass must blend harmoniously with the 
color of the balance of the fixture and it must scale 


‘regard for the artistic appearance. 


nicely with the area and finish of the car interior. The 
color finish.of the’ metal portions of the fixture should 
harmonize with the color treatment of the entire car. 
A fixture might have the most pleasing effect in day- 
light and at night, when lighted, might present a decid- 


Fig. 2. 


Same As Usually Viewed By Passenger. 


edly unpleasant appearance. This is due to the fact 
that at night we do not receive an impression of the 
fixture in its entirety as in daylight, but our eye follows 
only the line of the brilliantly lighted portion; that is, 
the lighted glassware. 

The same change occurs in any indirect lighting fix- 
ture in a somewhat different way, inasmuch as the por- 
tions of the ‘fixture above the source of light are more 
emphasized at night than in daylight. I mention this. 
changed appearance of a fixture since it should be care- 
fully considered by the fixture designer and those em- 
powered to select car lighting fixtures. 

Before considering different types of lighting fixtures 
I would like to say a few words about metal color fin- 
ishes and the ornamentation of fixtures. There seems 
to exist an almost universal desire among car builders. 
and railway men who have anything to do with nxtures 
to have every fixture match every other fixture exactly 
as far as color is concerned. Why this condition exists 
it is hard to understand. An architect or a skilled 
decorator would not consider such a monotonous color 
effect. He would want the same general basic color 
employed but the color tone variations possible in brass 
and bronze finishes are the delight of a decorator. Why 
is mahogany so beautiful? Isn’t it because of the won- 
derful gradations of tone ‘given by the graining? To 
my mind it is a mistake to insist upon having every 
fixture colored in a mechanical monotone without any 
Simply because 
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some inspector is given a little sample plate about an 
inch square as a guide to inspect the finish of the fix- 
ture, he stupidly insists on having every particle of the 
metal portion of the fixture made to match his sample. 


Fig. 3. 


A Well Proportioned Center Deck Fixture. 


. This question is not raised because it is easier to app'y 
variable tones to the color finish of a fixture; it is much 
easier to give a workman a sample and insist on his 
matching his color to it. Some day an appreciative rail- 
way man is going to pass judgment on his ‘fixtures and 
maybe we will have a real demonstration of artistic 
color finish on the fixtures of a railway car. 

Ornamentation is like tobasco sauce,—it should be 
served sparingly. When you look at a drawing or de- 
sign of a proposed lighting fixture you should use a 
reducing glass and not a microscope. Consider first the 
profile of the fixture; judge whether or not it has pleas- 
ing lines and whether it is wel! proportioned to give 
a good effect in the car for which it is intended. Don’t 
judge the entire fixture by a little spot of detail. If 
you don't like it, have it removed entirely rather than 
changing the shape of a little leaf about one-quarter of 
an inch wide. Over ornamentation has killed many an 
otherwise well proportioned design. | Remember one 
thing when considering ornamentation; it is a poor arti- 
san who always employs ornamentation to cover up poor 
workmanship. Ornamentation may look all right on a 
drawing when you need it to make a filler in order to 
comprehend the profile or mass of the fixture, but it is 
lost in a car and often looks like putty stuck on the pat- 
tern. 

Now let us consider for a few minutes some different 
types of fixtures used in car lighting. I will first make 
the statement that center deck lighting is preferable to 
half deck lighting. Both of these systems have their 
champions, but I think the weight of opinion is in favor 
of the former. Sentiment 2nd custom undoubtedly 
prejudice some minds, but we can consider the matter 
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intelligently from certain knowledge of definite facts. 
Center deck lighting is the oldest and most extensively 
used and for that reason sentiment is probably in its 
favor. When we are accustomed to see fixtures located 
in the center deck of a car it is like knocking the spire 
off a church to leave the center deck bare and place all 
the fixtures along the half deck of the car. We will 
try to forget any of these sentimental reasons and treat 
the matter from a somewhat logical standpoint. Let us 
consider the two methods in relation to the illumination 
available; the avoidance of glare, the shadow effect, 
general appearance and economy. 

I think Mr. Sweet or any other man present, who 
has made an exhaustive study of car lighting, will con- 
firm me in the statement that the best types of center 
deck lighting installations are capable of giving uniform 
illumination at the aisle and window seats, equally as 
good as the best half deck installations. Therefore, we 
can say that center deck lighting is equally as good as 
half deck lighting in so far as the general principle of 
illumination is concerned. 

Glare is undoubtedly the most objectionable feature 
of artificial illumination due to its effect in producing 
eye fatigue. You cannot totally avoid glare in a rail- 
way car. It is present to a marked degree even in day- 
light illumination. The passenger occupying the first 
seat and facing the front end of a coach does not get 
much glare from the lighting ‘fixtures, but we must not 
consider any one or two positions for comparative re- 


Fig. 4. 


A Graceful 4-Arm Combination Fixture, 


sults. We must take the car as a whole and consider 
the average condition. If we consider the same type of 
fixtures located on the center deck and along the half 
deck the glare from the latter will be more objectionable 
than from the former, since more of the lights are with- 
in the passengers’ normal range of vision. Therefore, 
the avoidance of glare is a point in favor of center deck 
lighting. 

In considering shadows we must make two classtifica- 
tions,—the shadow thrown by the passenger on the paper 
and the shadows created by the car design. Center 
deck lighting is often objected to on the ground that the 


ou 


deck rail makes an ugly shadow along each side of the 
car. Personally I do not object to this shadow unless 
it is too dark and not softened by a certain amount of 
reflected light. 1 have seen but few shadows created by 
center deck lighting that were ugly, and the entire ab- 
sence of a shadow in a car or any other place is not 


pleasing to me since we depend on shades and shadows 


to realize from. The shadows on the paper or book are 
possibly more objectionable in center deck lighting than 
in half deck lighting, providing the lamps on the deck 
are located at every seat, which is very unusual. Where 
the lights are located at every other seat along the deck 
rail 1 think the shadow effects are about equal to those 
produced by center deck lighting. Occupants of pas- 
senger car seats invariably adjust their positions to avoid 
shadows on the paper with any system of lighting, and 


Fig, 5. An Artistic Bowl-Unit Type Center Fixture, 


are almost unconscious of this condition so we can prob- 


ably consider the shadow question as favoring neither - 


system. 


The comparative appearance of center deck lighting 
and half deck lighting is undoubtedly. open to discus- 
sion. I will throw the weight of whatever opinions ] 
have in favor of center deck lighting. You cannot place 
fixtures along the half deck without creating a crowded 
appearance and you also create on optical effect of re- 
ducing the height of the car interior. It is the same 
principle that vertical lines in wearing apparel make a 
person appear taller and vice versa. The center deck 
of a car offers the most logical place for fixtures while 
the lines of the half deck are interrupted and destroyed 
by fixtures. You must have center points in any com- 
position, to make it attractive and the rule is applicable 
to a car interior. Rows of windows, deck sash and 
seats need something to break their monotony and noth- 
ing does it so admirably as properly designed lighting 
fixtures located on the center deck. 

Regarding the economy of these two systems there is 
a preponderance of weight in favor of center deck light- 
ing. Initial cost and cost of maintenance are both 
higher in the half deck systems and I do not need to 
dwell on figures to emphasize this point. 

With the argument in my mind decidedly in favor 
of center deck lighting I will now ask you to refer to the 
illustrations while I conclude my remarks. JT have 
illustrated five distinct types of center fixtures. For 
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the sake of comparing these different types let us as- 
sume that they are all equally efficient from an_illumi- 
nating standpoint. The*tésts to’ be made at Washington 


rig. 6. Same, as Usually Viewed In a Car. . 
¥ x 


will undoubtedly establish their respective illuminating 
merits. All that I desire to say at this time will be con- 
fined to giving opinions regarding their artistic appear- 
ance. 

Figs. 1 and 2 show a four-light center fixture. I have 
purposely given two views of this fixture to better illus- 
trate the appearance. I will not say that this particular 
fixture marks the height of artistic excellence for this 
style of fixture. It can be improved artistically, but at 
its best it falls far short of having any real artistic 
merit. There is no composition to its mass, its profile 


es, 


~ 


Fig. 7. A New Diflusing Bowl Fixture 


is devoid of any real graceful lines, and its type is to 
my mind the least attractive of the five general types 
of center fixtures, I have illustrated. Quantities of this 
general type of fixture are in service and will be sold 
but I am endeavoring to treat this subject strictly with- 
out regard to commercialism. Please note that Fig. 1 
shows a.view of the fixture as you usually see it illus- 
trated in catalogues and from which you often select 
your lighting fixtures, while Fig. 2 is about an average 
of the views you would get of this fixture in a car. You 
will readily agree that it does not improve its apppear- 
ance, but loses in perspective. 

Fig. 3 shows the most acceptable type of single tfnit 
center deck fixtures with the open mouth reflector,’ We 
are now getting some graceful lines in, our profile and 
the glass and metal portions of the fixture are nicely 
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proportioned. This general type of fixture does not im- 
prove in perspective and in that respect is like Fig. 1, 
but is far preferable to Fig. 1, and also preferable to 
the single unit open mouth reflector fixture where a 
small frail-looking stem is used between the ceiling base 
and glass portion of the fixture. 

Fig. 4 illustrates a four-arnt graceful combination 
gas and electric fixture. This general type is best 
illustrated by this particular fixture. It does not ma- 
terially lose its attractiveness in perspective, and if you 
will now please refer to Figs. 5 and 6, the point I will 
make will be more clearly understood. You will note 
that both these types of fixtures use an enclosing bowl, 
and that the appearance is about equally good, viewed 
from any angle. This leads to the conclusion that the 
most ideal types of fixtures considered in regard to ap- 
pearance are those using a bowl. The four-arm com- 
bination fixture has much in its favor artistically. Long 
graceful lines well proportioned with the body of the 
fixture and this particular fixture presents a very at- 
tractive effect when located in a railway car. 
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My personal preference in selecting any of the types 
illustrated would be either No. 5 or No. 7. Both of 
these are admirably adapted to meet the aesthetic tastes. 
Any car would be improved in appearance by the use 
of either of these fixtures and everything else being 
equal I don’t think anyone would regret the selection of 
these fixtures to light a car whether it be a passenger 
coach or a private car. Both of the last mentioned fix- 
tures might be considered too ornate for the average 
passenger coach and undoubtedly No. 3 would prove the 
most acceptable for this class of service. 

I have not made any particular reference to indirect 
lighting. This method of car illumination is receiving 
serious consideration and aside from its handicaps in 
the matter of light colored ceilings and increased wat- 
tage, offers many attractions artistically. One point 
that has not received deserved attention is the optical 
effect of high ceilings produced by this method. Any 
style of interior decoration or any system of illumina- 
tion that can help to destroy the feeling of low ceilings 
deserves consideration from railway men. 


Methods of Axle Generator Control 


W. L. BLISS 


I think it is a fundamental proposition in axle lighting 
control that we do not want constant current regulation 
and we do not want constant potential regulation, and all 
attempts to produce either of those effects to the exclu- 
sion of the other, would be absolute failures. We have 
heard it said a good many times that the con- 
stant speed generator could be driven from the car 
axle and give perfect constant potential. That problem 
could be worked out, but it would be going back to the 
beginning of things. The constant potential generator 
on a car would be absolutely useless so far as I can see, 
if operated in connection with the storage battery, for 
that potential would not charge the battery. 

Now it seems to me that the very fact that we have 
the variable speed on a railroad car is most fortunate 
in connection with the lighting of railroad cars from the 
axle in connection with storage batteries. The variation in 
speed gives us a chance to change the voltage and it is 
only a question of taking advantage of that natural 
change in voltage that good results would be obtained. 
The fact that speed variation is quite considerable, in 
percentage, of course, introduces another element which 
must be provided for. If our speed variation in the 
railroad train service was only a small percentage, we 
could probably get along without very much regulation 
and have just the effect that is wanted. I think that the 
ideal system of regulation is one that permits the gen- 
erator to deliver its full capacity, for as much of the 
available time as possible. That means that you are not 
carrying a dead investment or unnecessary dead weight. 

On the other hand, I think it is desirable to protect 
the storage battery, and this is certainly an important 
factor. Everything possible should be dope toward ap- 
plying a regulating system which will protect the storage 
battery. 

These two conditions are somewhat conflicting and 
some middle course will have to be pursued. As Mr. 
Sweet has said, the business of the engineer is prin- 
cipally to adjust conflicting conditions. Now -it might 
be highly desirable to arrange a system of regulation 
practically and simply for the benefit of storage batter- 
ies. Such a system then would deliver current to the 


storage battery in precisely the same manner the manu- 
facturer of that battery might prescribe. That might 
not be the most economical thing for the railroad man 
to do, however, and it might not result in the best. pos- 
sible lighting of the car, taking every question into con- 
sideration. We have a balance to strike there, in the 
form of a compromise, and I do not believe that good 
judgment warrants us in giving all our attention to the 
treatment of the storage battery. I think that we can 
very safely devote maybe eighty per cent of our ener- 
gies to that line, but I do not believe that we should 
devote all of them. Now that brings us to the conclu- 
sion, it seems to me, that what we want is primarily a 
system of regulation that will limit the output of the 
generator, so that the generator can be designed and 
built for that output and work economically under it. 
Such a system naturally suggests a constant current 
method of control for the generator. 

Now the output of the generator must necessarily be 
dependent upon the variation of speed, and naturally at 
higher speeds we can get a higher output than at lower 
speeds. At that we should arrange the apparatus in 
some manner that, at as low a speed as is consistent, we 
can obtain the maximum output of the generator and 
then from that point on hold that current as nearly con- 
stant as it is possible to do, so that the generator will be 
working under substantially full load and with economy. 

The current having been so regulated, we of course 
know that it divided between the storage batteries and 
the lamps, and‘ it is up to the man who lays out the 
lighting in the car and specifies the size of the battery to 
say how this division is going to be arranged or effected. 
I think that most of us will agree that the size of the 
generator and its capacity should be such that no matter 
what service the car might be placed in, (we all know the 
way cars are thrown around in railroad service), suff; 
cient energy would be generated by the dynamo to abso- 
lutely insure that the battery will always be charged, 
and that means that the generator must be of large 
enough capacity to take care of the battery under the 
worst conditions, and that also means that under the 
most favorable conditions the battery would not be 
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greatly over-charged, but in order to avoid the necessity 
of adjusting the output of the generator every time the 
number of the train changes, it seems to me that it 1s 
necessary to provide that the generator shall be capable 
of keeping the batteries fully charged under the worst 
circumstances. That leads, of course, to the question of 
preventing storage battery overcharging. 

Of course, if the arrangement is such that the batter- 
ies never do get overcharged, no stop charge device is 
necessary ; in that case, however, it will always be found 
that the batteries are under-charged, because it is an im- 
possibility to arrange any system that the charging and 
the discharging will be in such proportion that the bat- 
tery will be in just the same condition that it started in 
at the beginning of the year. That is impossible. 

Now various suggestions have been made and a good 
deal of labor has been performed in attempting to pro- 
vide means for the prevention of over-charging the stor- 
age battery. Briefly stated over-charging is prevented 
by discontinuing the charging current when it has been 
running long enough. What condition shall determine 
this is somewhat hard to say. There are a good many 
conditions that might be employed to determine when 
the storage battery is fully charged, but I doubt if any- 
thing but a test will tell when any storage battery is 
fully charged. We have, however, certain simple condi- 
tions that are a fair indication of the condition of com- 
plete charge. 

It might even be stated that some device, responsive 
to changes in gravity could be used. selecting one cell as 
a representative of the whole set. It has been suggested 
that some kind of a device responsive to cadmium read- 
ings could be worked up, again requiring that only a sin- 
gle cell be used, because this kind of measurement can- 
not be made in bulk. The only measurements that can 
be made on a multiplicity of cells in bulk, are such kinds 
as ampere hours, watt hours, current and voltage, things 
that are connected with the whole series of cells. 

Now of those four kinds and one other which is not 
difficult, that is time, which are you going to take? You 
can take the voltage as an indication; you might take 


the time and watts, which results in watt hours, and. 


instruments can be devised which are responsive to those 
indications. ; 

To stop the charging process when those conditions 
obtain, so far as simplicity is concerned, there does not 
_ seem to be anything quite as easy to apply as something 
that is responsive to voltage. If you undertake to drag 
in the element of time, it means some kind of integrating 
apparatus. 
this kind has been made by the Sangomo Electric Com- 
pany. It is quite conceivable that an apparatus can be 
made which can indicate the number of ampere hours that 
have gone into the meter and stop the charging. This is 
all simple enough, but it is more or less involved and a 
little bit complicated and does not take care of the con- 
ditions. It seems to be that a voltage device is quick to 
operate, does not involve any integrating apparatus. and 
has the additional advantageous feature of being able to 
protect the system against such accidents as open bat- 
tery circuits. etc., which an integrating device cannot very 
readily do. 

It therefore comes down to a question of some volt- 
age device acting at the proper time when a certain volt- 
age has been obtained. to start in motion certain instru- 
mentalities to stop the charging process. Now there are 
no end of devices of this character which can be made, 
but all of them will. T bélieve, be found ultimately to be 
connected with the generator, and all will be found ulti- 


I believe that a very successful apparatus of | 
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mately to be directed towards affecting the generator 
field, as that is the simplest and most easy part of the 


generator to attack. The question would then naturally | 


arise after having selected some voltage operating de- 
vice for reducing the effectiveness of the generator, as 
to just how we want this device to affect the generator. 
Shall the generator be completely put out of commission 


and kept out of commission until the storage battery has. 


been discharged, and then the generator automatically 
brought back into commission again, or shall we under- 
take to kill the generator to a certain point, not neces- 
sarily completely, but to a certain point where its use- 
fullness ‘is still more or less apparent and where it can 
still furnish current for other devices from which we do 
not wish to stop the flow of current? Then the ques- 
tion as to whether. or not we want to let the charging 
current taper off to some lower value, and how long we 
shall want this taper to continue, or whether we shall 
want it a steep taper or a long drawn out taper, etc. 

It seems to me that the best proposition is to arrange 
the device in such a manner that the charging current 
shall bring the battery current suddenly to zero, because 
the small current charges which result from these other 
methods are injurious to Plante’ batteries, which is the 
type almost universally used in car lighting. I do not 
think that with a pasted battery it would matter very 
much, but it certainly does have a bad effect on a Plante” 
type as it forms away the reserve lead of the element 
until the strength of the plate is pretty well used up, the 
entire mass then can no longer hold together and falls 
down to the bottom of the jar. Therefore I think that 
the consensus of opinion today is that we should stop 
the charge of the battery. . 

Now what to do with the generator after that point is 
the question, and I think that the ideal method of treat- 
ing the generator is to reduce the generator voltage to 
a lower point immediately after the operation of what 
we will call our charge stopping device, and then main- 
tain the generating system as a constant potential sys- 
tem. but at this lower voltage. If this can be success- 
fully accomplished. and the cenerator be made to hold 
that voltage irrespective of changes, the current flowing 
to the battery will be zero and the generator will he in 
condition to take up any load that may be put upon it, 
such as lamps or other devices. and we will not he call- 
ing upon the battery to discharge, yet we can hold 
the battery at such a nosition that it cannot charge. That 
would be the ideal scheme. JI have worked alone those 
lines myself and have also endeavored to produce re- 
sults of that nature. 

Such a device when made has the advantage that it 
will work through an open battery circuit, because if the 
arrangement is such that the battery can be floated at 
zero current, it does not matter whether the battery 
circuit is open or not. Consequently a device of that kind 
ought to be perfectly stable, and the danger of blowing 
out the apparatus when the battery circuit is open will! 
then be eliminated. 

Briefly stated, therefore, without going into any de- 
gree of description of special means for accomplishing 
this, I think that so far as my own judgment and ex- 
perience is concerned, I would say that. the ideal gen- 
erator regulation consists in providing first, the means 
for giving constant current from the generator with a 
very sharp knee in the curve when this curve is plotted 
with the constant speed. The next point that should be 
given consideration is that as soon as the voltage has 


reached the point selected, the generator. voltage shall. 


be immediately reduced to floating voltage, and there 
maintained. 
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When that has been accomplished, I think that the 
question as to method of generator regulation has been 
answered,” 

Mr. T. L. Mount of the Consolidated Ry. Elec. Ltg. 
& Equip. Co., was then called upon for a few remarks 
on the subject, but said that he thoroughly agreed with 
what Mr. Bliss said and hoped that all members not 
present would read over very carefully Mr. Bliss’ talk 
as published in the Railway Electrical Engineer. 

Mr. Wray of the Railway Electrical Engineer, said he 
hardly agreed with Mr. Bliss as tothe advisabilityof float- 
ing the battery after a certain definite voltage had been 
obtained, as this principle seems to have all the inherent 
disadvantages of the stop charge relay principle. He 
said it is a well known fact that the voltage of the bat- 
tery is no criterion of its condition of charge; it does 
however, give a qualitative indication as to the battery 
condition if properly handled. Operation of the past 
five years has shown that battery voltage when applied 
as a stop charge principle is unreliable and 
fundamentally wrong. A battery which is slightly 
sulphated will give a higher voltage than normal, so will 
reach the cut off voltage value before it is fully charged. 
This undercharging results in further sulphation and a 
more abnormally high voltage on the next charge. In 
other words, a battery partly sulphated may very easily go 
from bad to worse when operated in connection with a 
stop charge relay. On the other hand if the battery is 
very warm and plates are not sulphated the full over- 
charging voltage may never reach the point of cut off. 
Then as the battery continues overcharging this voltage 
will actually fall away from the cut off value instead of 
rising further. The plate destruction caused by this 
overcharging are high temperatures is too well known 
to require further comment. 

Mr. Wray maintained that the principle advocated by 
Mr. Bliss of cutting off battery charge at a certain pre- 
determined value of battery voltage and floating the bat- 
tery thereafter was not essentially different in principle 
from the stop charge relay method of control. 

He further pointed out however, that this was not 
any objection to any particular type of equipment for 
any of the standard voltage devices could easily be ad- 
justed to float at a voltage high enough to provide a 
charging current of low value even after cut off voltage 
was reached. ~ 

He said that this low current flow just at the finish 
of charge was highly beneficial to the battery in com- 
pensating for any inaccuracy due to a low setting of the 
stop charge relay. 

He said that the ampere hour meter seemed to offer 
a most plausible solution to the problem and although 
up to the present time this meter had not been applicable 
to axle lighting service, as a controlling device, recent 
developments have made this practical. 

Mr. Hulse, of the Safety Car Htgy & Ltg.Co. con- 
tinued the discussion stating that it was their policy to 
have the regulator limit the current output to the rated 
output of the generator, and also to the rated initial 
charging rate of the battery, and at the same time keep 
the generator voltage from exceeding a certain maximum 
value. ) 

Mr. Bliss continued the discussion and said that it was 
an almost impossible proposition to tell by any simple 
means whether or not a storage battery is fully charged. 

“It would require an examination being made by an 
expert of every cell in the battery, and he would have to 
measure the voltage and probably take the plates out and 
look at them before he could tell what condition they 
were in. It would be simply imnossible to make any 
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kind of automatic apparatus that would tell all those 
things; it would be a good bit like trying to make a 
mechanical servant girl. 

“Now it might be a good proposition to perhaps com- 
bine an integrating device with some device which oper- 
ates on voltage, if those two devices could only arrange 
it between them so that one of them always acted first 
and properly, I think that something would be still 
further accomplished, but there certainly would be times 
when the integrating device should speak first and times 
when the voltage device would speak first. That would 
then lead to another device that would settle the difficuly. 

“T think, though, that what Mr. Wray says in regard 
to sulphation of batteries was a great deal oftener the 
case in the old days then it is at the present time. I 
think that in the old days, when the generators fell down, 
that the trouble with sulphation on account of great and 
frequent overdischarging, was very prevalent, but I am 
of the opinion from what I have been told, that quite 
the opposite condition obtains today. More batteries 
are damaged by being formed away than there are by 
being sulphated. 

“This might be a pretty good subject for the battery 
committee to get into and find out which of those two 
causes is giving the most trouble, overcharging or under- 
charging, and that would perhaps be a tip to the car 
lighting engineer to have something made that would 
take care of the worst conditions, He could not make 
anything, I am pretty sure, that would take care of both 
overcharging and undercharging. However, I think that 
today the opinion is that more batteries are injured from 
overcharging, which means over formation, and con- 
sequently I would work along this line. If it be true 
that the ampere hour charging into the battery is the best 
indication, I think that a device of that kind would 
be adopted. I am of the opinion that one of the best 
things the organization can do would be to determine 
that point and let us know which way we ought to make 
the apparatus to do the most good.” 

Mr. Frost said in closing the discussion, that one of 
the most serious matters in the charging of storage bat- 
teries is the heating on charge. As long as the battery 
does not heat and does not gtow, there is little trouble 
liable to appear. 

He then said, on account of the lateness of the hour, 
it would be impossible to take up the subject of “The 
Haulage of Electric Equipment” which had been 
scheduled; and after a final word to the committee men. 
urging them to serious and effective work during the 


remaining months preceding the Annual Convention, the 
meeting adjourned. 


CONVENTION EXHIBITS 


The following gives an idea of some of the exhibits 
which were of interest to electrical men. 

The Consolidated Railway Electric Lighting & Equip- 
ment Co., showed their new regulator and new generator. 
These will-be described in the August issue of the Rail- 
way Electrical Engineer. They also exhibited the new 
spring belt fastener: this, too, is to be described in the 
August issue. P. Kennedy, Thos. L. Mount, J. L. Wat- 
son, L. J. Kennedy represented the company at the Con- 
vention. 

Gould Coupler Company showed their new lockét 
panel containing both lamp regulator, machine regulator 
and individual lamp circuit switch. Extra long dash pots 
are supplied on the new regulators. On the new boards 
a strip of iron is fastened permanently to the back of 
the board and passes in a zig-zag ‘manner so as to cover 
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all of the tap holes for fastening the regulator parts in 
place. This is drilled and each hole threaded so that it 
takes the place of the nuts on the back of the board 
and makes it unnecessary to do any work whatever 
behind the board. All circuit connections are made of 
heavy taped stripped’ copper permanently installed. 
There was a new feature shown in connection with 
“mounting an armature on the shaft. _An upset portion 
of the shaft being machined into triangular form fits 
exactly into a recess of similar form in the armature 
core and three screws hold the armature tightly in place. 
A small key and keyway is provided merely as a guide 
in putting the armature on the shaft. This, however, 
in no way takes part in driving of the armature. The 
armature is of a single turn per coil type and single turn 
per slot. A complete line of Gould train lighting batteries 
and battery parts were on exhibition. 
George Milne, G. R. Berger, M. R. Shedd and WY 2 is 
Sherman, were in attendance at the Convention. 
Safety Car Heating and Lighting Co, The new Safety 
voltage current regulator as described in the June isstte 
of the Railway Electrical Engineer was on exhibit, but 
what impressed one on entering their booth was the 
complete line of car lighting fixtures both for gas, electric, 
and combination gas and electric. A number of these 


are shown in connection with paper presented by Mr. 


L. Schepmoes and published in this issue. 

One of the new type ball bearing generators con- 
forming to the recommendations of the committee on 
Ball Bearings was shown. 

The company was represented by A. C. Moore, | Ge 
Van Winkle, G. E. Hulse, C. B. Adams, E. I. Pollock, 
L. Schepmoes, J. S. Henry, G. F. Chadwell, W. L. Gar- 
land, L. Everett, M. F. Elliott. . . 

U. S. Light and Heating Co. adsi 
almost filled the U. S. booth, but when you got inside 
the booth and examined it closely, it was found to carry 
miniature U. S. car lighting system complete, and this 
furnished power for lighting, ignition and starting. The 
armature is in the form of a hollow ring mounted directly 
on the crank shaft with the generator fields mounted 
stationary*inside of it. The armature then takes the 
place of the fly wheel, and being of extra large diameter 
gives a heavy torque in starting. 

Their new current-voltage controlling panel to be de- 
‘scribed in the August issue was also shown, and 
one of the new type ball bearing generators and a full 
line of “National” car lighting batteries and parts were 
on exhibit. A big sign, “6000 Equipments in Service,” 
looked mighty impressive and did its own talking. 

The company was represented at the convention by 
D. W. Pye, J. Allan Smith, W. L. Bliss, A. Russell, 
W. P. Hawley, C. C: Bradtord, W> A. Turbane, W. F, 
Batter, Gy La Lane-. 

Edison Storage Battery Co., showed all the various 
types of Edison cells for railway car lighting, signal 
and power service. 6 

One of the features of the booth was a big A.12 
500 ampere hour cell which was short circuited to ex- 
haustion every afternoon. The current flow in this 
short circuit started at about 1500 amperes and 
gradually tapered to zero at the finish of discharge. 

An ammeter with a scale of 0 to 1500 was mounted 
on a small board together with a very heavy short- 
circuiting switch with 1,000,000 c.m. cable connec- 
tions. H. G. Thompson was in charge of the exhibi- 
tion. 

Electric Storage Battery Co. showed the Pennsylvania 
and Santa Fe standard car lighting cells, also had a 
four cell tray of 29 M.V., 420 ampere hour cells of the 


A big white roadster 


type used in Third Avenue Railroad in New York. 
A new type hydrometer syringe 10 in. long, (type S.) 
was also shown, this being considerably smaller than 
the hydrometer syringe formerly made. 

They also showed a new car lighting cell, a 21 plate 
element, consisting of Exide positive and Shelf nega- 
tive. This battery has a capacity of 560 ampere hours 
yet goes into a standard 350 ampere hour tank, this 
being the maximum size which can be gotten into the 
standard type battery boxes. Mr. H. E. Hunt was in 
charge of the exhibit. 


Booth of the U, 8S. 


Light & Heating Co. 


Nelite Works of the General Electric Co., showed 
a beautiful line of new car lighting glassware. Among 
the lines of prismatic glassware shown, was the hexagonal 
unit with bottom hexagonal prism plate as described in 
the May issue of the Raidlwwy Electrical Engineer. 

They also exhibited a new .iris shade which had a 
pearly white luster by daylight, but by night ilumi- 
nation showed some artistic redish brown lines, which 
gave a very attractive appearance. The glassware be- 
ing of a very dense opal, the reflecting efficiency of the 
unit is high, This type of reflector was of the type 
made specially for the new Santa Fe cars. . 


They also showed a full line of enameled steel and ° 


aluminum steel reflectors for baggage and mail cars, 
as well as their standard line of prismatic reflectors 
for general purposes. Mr. A. J. Sweet Wamdiedguees 
Doanne, had charge of the booth. ; 

General Electric Co., exhibited a very complete line 
of electrical. appliances as used in railway _ service. 
This included a mercury arc rectifier; flow meters for 
measuring steam, air or water; graphic recording and 
indicating instruments, portable air compressor, and a 
complete line of machine tool motor controllers. The 
latest type railway motor with forced ventilation di- 
rectly through the armature making passible to use a 
much smaller motor than formerly was on exhibition. 

They also showed their new reversing planer type 
motor and controller as described in the June issue 
of the Railway Electrical Engineer, and a very com- 
plete line of drawn wire filament lamps for train 


lighting and general use; a battery truck crane and 


an electrical headlight was also on exhibition. JL. W. 
Sugg was in charge of the exhibition but A. I. 
Totten and numerous other salesmen were on the job. 


Electric Controller and Mfg. Co. had a big lifting — 


magnet in actual operation hoisting heavy iron castings 
and miscellaneous iron parts transferring them from 


one pile to another. 


They also showed an operating exhibit of their break- 
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ing dynamic controller and their reversing dynamic 
breaking controller for bringing a motor quickly to a 
stop. 

A complete line of automatic motor starters from 
Y% h.p. up, a new type B overload circuit breaker and 
a miscellaneous assortment of hand rheostats were on 
exhibition. 

Railway Utility Co. had a very interesting exhibit 
which was of special interest to electrical men, as it 
contained many new and interesting devices. A new 
steam hose coupler and vacuum cleaner, both de- 
scribed in the June issue of the Railway Electrical Engi- 
neer, were exhibited. 

A new heat regulating system for steam heat, fur- 
nace heat or electrical heat was also shown. This 
operated on the principle of an electric contact being 
made within a thermometer. This contact carries 
a slight amount of current, sufficient to control a 
solenoid which either shuts off the steam line valve, 
opens the furnace damper or turns on or off the elec- 
tric heating circuit as required. 

They also showed an individual berth air washer 
which consisted essentially of a small box of water to 
be set just outside of the window with a funnel arrange- 
ment to catch the air and force it through the water 
into the berth. The sleeping passenger will then he 
provided with clean cool washed air at all times when 
the train is moving. 

They also exhibited a new type lamp jack for gas 
or oil lamps, a freight car door fastener and a new 
type of stock and tool cabinet units for the store room. 
Mr. W. J. Pine, L. T. Hines, and C. A. Luckey, rep- 
resented the company at the Convention. 

Chicago Pneumatic Tool Co., showed their three phase 
indication motor drill, universal type, which would 


work either on A. C. or D. C.,, and a precision lathe 
erinder for the finest work in grinding 
degree of accuracy. 

H.-W. Johns-Manville Co: showed their fiber con- 


shafts to a high 
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duit, ebony asbestos wood for switchboards and car 
circuit pannels, Linolite lamps and a complete line of 
Noark fuses. J. E. Meek was in charge of the exhibit. 

Burton W. Mudge Co. exhibited their new type Gar- 
land ventilators for arch roof type cars. This venti- 
lator employs the same principle of air exhaust that 
the original Garland ventilator did, .but is mounted 
directly on top of the roof and exhausts from ports 
located in the center of the arched ceiling. They also 
exhibited a new monitor roof type ventilator. 

Remy Electric Co. had an operating headlight tur- 
bine on exhibition and also showed another turbine 
with parts cut away so as to clearly demonstrate the 
mechanism of both turbine element, valve governor and 
dynamo parts. 

They also showed their new headlight case with both 
are and incandescent lamps, either of which can be em- 
ployed at the will of the engineer by simply turning a 
switch. 

Pyle National Electric Headlight Co., exhibited their 
new type electric headlight. 

American Pulley Co. exhibited their pulleys for axle 
car lighting in both the flange and flangeless type. 

They also showed their new tapered steel bushing 
with wrought iron clamps. 

The Miun Belting Co. exhibited their new type of 
Leviathan belt which has been specially designed to 
meet the severe conditions of car lighting service. 

Westinghouse Elec. & Mfg. Co. had reserved one of 
the big spaces fronting on the ball room and concert 
hall. Although they had no exhibit of appliances what- 
ever, their booth was a popular place, especially in the 
evening during the informal dances. 

The Westinghouse Lamp Co. was represented by Mr. 
Peete risher and As). Cole, while: Mr. R. E.-Geare, 
well known to railroad men in the West, was one of the 
representatives of the Westinghouse Elec. & Mfg. Co. 


WEE NO IT: 


The Edison Battery 


Having devoted the last three lessons to the lead stor- 
age battery, we.will now take up the new Edison battery 
which has recently been developed for car lighting 
service. 

This battery is radically different from any of the lead 
types in that the action which goes on inside the battery 
is merely the oxidation and reduction of metals in an 
electrolyte which does not combine with either oxides or 
metals in the battery. Since there is no combination of 
the electrolyte with the active material as in the case of 
the lead battery, there is no change in the gravity of the 
electrolyte during charge or discharge. 

The active material of the positive plate consists of 
nickel hydrate while in the negative plate it is iron oxide. 
The electrolyte is a solution of potassium hydrate (21% ) 
to which has been added a very small percentage of 
lithium hydrate. The normal specific gravity of the 


electrolyte is about 1.200. This, however, may fall as 
low as 1.150 or get as high as 1.250 without seriously 
affecting either the battery capacity or efficiency. 

The positive plate, as shown in Fig. 1, is made up of 
a number of small tubes which are filled alternately with 
nickel hydrate and flake nickel in layers, as shown in 
Fig. 4. This flake nickel is an interesting and very im- 
portant part of the battery. It is formed by plating 
very thin layers alternately of copper and nickel until a . 
composite sheet about .01” is formed, consisting of 250 
Ivers of nickel and copper alternately deposited. This 
sheet is then cut up into tiny squares about 1-16 of an 
inch on a side and placed in a bath which dissolves out 
the copper and leaves the very thin flakes of nickel 
intact. This mass of nickel flake is then washed free 
from copper and solution, and when it is dried is about 
as light as, and looks very much like, a heap of snow. i 

An idea of the structure within a positive plate can 
best be obtained by microscopic examination as shown 
in Fig. 7, which shows a magnified section of a standard 
tube which has been sawed lengthwise. The vertical 
walls are the edges of the perforated metal containing 
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tube; the white thick layers are nickel hydrate and the 
dark thin layers are flake nickel. It should be noted 
that these thin layers of nickel which are formed in 
loading the tube alternately with nickel hydrate and 


Fig. 1. Negative Plate. Fig. 2. Positive Plate. 


nickel flake, extend practically unbroken across the tube, 
and both make good contact with metal walls of the tube, 
and at the same time conform to the irregularities of the 
nickel hydrate layers. These metal layers conduct the 
current to or from the nickel hydrate in all parts of the 
tube very effectively. There are about 300 layers of 
each kind of material in a tube 4% inches long. 


Fiz. 3. Negative Pocket. 


Fig, 4. 

The positive tubes are flatened at the ends as shown 

in Fig. 4, and the frame is slit at the inner horizontal 

edges and then folded in such a way as to make individ- 

ual clamping jaws over the flat ends of the tubes. This 

clamping is done under tremendous pressure, so the 
plate formed ‘has great rigidity and strength. 


Positive Tube. 


Fig. 5, 


Complete Cell. Fig. 6. Elements with Separators. 
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These perforated tubes are made from a nickel plated 
strip of steel spirally wound into the form af a tube 
with a special interlapping joint where the edges of the 
strip join. These tubes are reinforced with seamless 
bands as shown in Fig. 4, so as to prevent excessive 
expansion of the active material within, which would 
have a tendency to loosen its electrical contact with the 
tube. 

The negative or iron plate, Fig. 1, contains flat pocket- 


Magnified Section of Positive Tube, 


Fig. 7%. 
like sections which are also brought into a good electrical 
contact with grid and made rigid by hydraulic pressure 
of 160 tons. | 

The plates are assembled on a horizontal steel rod 
which is’ an integral part of the battery terminal post. 
They are held apart on the connecting rods by nickel-. 
plated steel spacing washers and are firmly held in place 
by nuts screwed on both ends of the rod. As is the usual 
practice in battery construction the two outside plates 
are negative. These are insulated from the containing 
can by sheets of hard rubber as shown in Fig. 6. Pieces 
of hard rubber are also set between the can and the side 
edges of the plates. These together with hard rubber 
rods inserted between the plates maintain correct spacing 
and insure permanent insulation. A hard rubber rack or 
bridge supports the elements at the bottom of the can. 

The cover of the cell, which is welded in place, has 
three mountings. Two of these are for stuffing boxes 
through which the positive and negative voles extend; 
the other is a combination gas vent and filline onening. 
This consists of a cap from which is hung a hemisnher- 
ical section of hard rubber, which rests upon a suitable: 
seat when the cap is closed, allowing the gases to freely 
escape, yet preventing the entrance of air and foréign 
matter of all kinds. Tt also acts as a separator thus 
minimizing the weakenino of the electrolyte due to gas- 
sing. The cap is fitted with a double acting spring which 
holds it either open or closed. Allowance is made for 
about 3 inches of electrolyte above the tops of the plates, 
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so that it will not be necessary to flush the cells as often 
as In past practice. 

The cells are essembled in wooden trays, usually three 
cells per tray, as shown in Fig. 9, Pressed steel cradles, 
one for each cell, are suspended from the sides of the 
tray and the flange on the bottom of each cell fits into 
a groove in the cradle. A pressed steel “holdown’’ at 
the top of the cell keeps it rigidly (1 position. These 
trays are designed to fit standard size battery boxes on 
railway cars and are provided with skids for sliding in 
and out of the battery compartments. 


Big, (8: 
The terminal posts are tapered slightly and the con- 
nector lugs having a similar taper are fastened securely 
in place by a nut which screws onto the threaded tip of 
the post. The connectors between cells are short copper 
rods, swedged into the lug forgings. These connectors, 
of course, are made in various lengths so as to accom- 
modate the various cell spacings: required. To discon- 
nect the cells a small hand jack is provided, with which 
the lugs can be quickly drawn off the tapered terminal 
posts. No soldered or burned connections are made. 
For convenience in flushing or filling cells a specia: 
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Fig. 9. 3-Cell Tray. 
filler has been designed which rings a bell when the 
proper level of solution is obtained. 

All parts of the Edison battery are nickel-plated, the 
nickel being plated directly upon the steel. The plated 
parts are placed in an atmosphere of hydrogen and 
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heated to a very high temperature, which causes the thin 
plate of nickel to partially fuse into the surface of the 
steel. 


With Gas. Vent Open, 


Fig. 10. 

Operation. 
The average discharge voltage is 1.24 volts per cell, 
at the 8 hour rate of discharge; so that for a 30 volt 
equipment the number of cells required is 25, and for 


— ae 


Fig. 11. Automatic Cell Filler, 
60 volt equipment, 50. In charging an Edison battery 
a voltage of at least 1.8 per cell should be provided. 
This on a 30 volt equipment is equivalent to 45 volts and 
on 60 volt equipment 90 volts. The manufacturer re- 
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Fig. 12. Curves of Charge and Discharge. 
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commends that the battery be charged at its normal rate 
throughout, or if a taper charge be employed, that the 
rate average normal. 

Since the electrolyte does not dissolve or attack the 
active material or the metal of which the grids are made, 
it does the battery no harm whatever to stand indefinitely 
in either a fully charged or discharged condition. 

Typical charge and discharge curves are given in 
Fig. 12. 

Instructions for operating this battery center down 
to the few essentials as follows: 

1. Add distilled water to keep’ plates covered. 

2. Replace electrolyte with fresh at infrequent in- 
tervals. 

3. Keep the outside of the battery reasonably clean 
and dry. 


NEW CARS FOR SANTA FE. 

Work has just been begun at the Pullman Shops on 
fifty new cars for the Sante Fe. These are to be classi- 
fied as follows: 14-partition coaches, known as “Jim 
Crow” cars, one smoker and baggage car, 15-smoking 
cars, 10- combination smoker and mail cars and 10- chair 
cars. These cars are seventy feet in length, heavy steel 
underframes and have the wooden superstructure with 
a heavy steel frame work, making the car stronger 
than the steel car. 

They are to be lighted with second hand axle equip- 
ments which have been operating heretofore on sleep- 
ing cars. The axle equipments are now being re- 
placed with equipments owned by the Pullman Com- 
pany. Twenty-one of the second-hand equipments are 
of the Moskowitz type and the remaining twenty-nine 
are Bliss type with type “O” generator and “F-7” 
regulator. Protective resistances are to be used on all 
of the cars with the exception of the combination smoker 
and mail cars which have type “C” Bliss lamp regula- 
tor. The passenger coaches have center deck lighting 
with a substantial fixture and a new Iris shade nich 
was exhibited by the Nelite Works of the General Elec- 
tric Company at Atlantic City. G-30 bulb will be used 
in these fixtures which are located about 6 ft. apart. 

- The switchboard and regulators are placed ime sub- 
stantial steel cabinets and the wiring is run in rigid 
conduit located between the steel carlines and the roof 
boards. The conduits, therefore, have unusually 
straight runs, making the conduit and wiring as short 
as possible. 

The batteries are protected with 110 volt enclosed 
fuses placed in substantial malleable .cast iron boxes 
placed on each end of the battery box in accordance 
with standard practice. 


NEW CAR LIGHTING FOUIPMENT NORFOLK 
& WESTERN. 

The Norfolk and Western Railway have just placed 
an order with the Edison Storage Battery Co., for 74 
sets of 25 cells each for lighting some new passenger 
cars. now under construction. 


NEW SMOKE DFPARTMENT ON NORTHWESTERN 


The C. & N. W. Ry. announces the appointment of 
a smoke inspection bureau, the object of which is tu 
eliminate the smoke nuisance in the Chicago district. 

This new department will co- operate with the city 
smoke inspection bureau and will see to it that the smoice 
from railway locomotives both on the road and in the 
roundhouses is reduced to a minimum. 

Mr. C. W. Corhing has been appointed head of the 
new department. 


J. C. CAUSLAND. 

Rane is the month of brides and honeymoons alright, 
but we didn’t really expect that one of our old standbys 
in the ranks of single blessedness, such as Johnnie 
Causland, would get tangled up even at such a time as 


this,—but to make a long story short, J. C. Causland, 


Chief Electrician of Pennsylvania Lines West, with 
headquarters at Chicago, was married on Saturday, June 
15th, to Miss Anna M. Carlson, at the home of the bride, 
Evanston, Ill. 

This was the day after the Semi-Annual Convention, 
so Johnnie, as he is known among his friends in the car 
lighting field, was not with us at Atlantic City, but he 


J. C. Causland, 


and his bride took their honeymoon trip immediately 
after the wedding, and, after visiting Atlantic City, made 
an extended tour through the East. 

SIXTH ANNUAL CONVENTION I. E. &. 

The sixth annual convention of the Illuminating 
Engineering Society will be held at the Hotel Clifton, 
Niagara Falls, Ontario, September 16 to 19. The pro- 
gram of papers that is being arranged includes a number 
of notable papers which embody the results of some 
recent photic investigations. 


U. S. COMPANY TO DOUBLE THEIR PLANT. © 
Plans are now made and work just begun on some 
new buildings which will practically double the size ot 
the manufacturing plant of the U. S. Light & Heating 
Co., at Niagara Falls. 
This new plant will certainly be a testimony to the 
wonderful advancement in the art of railway car light- 


P. R. R. MEN VISIT CAR LIGHTING MFGRS. 

A party of seventeen men employed in the car lighting 
department of the Pennsylvania Railroad Company, re- 
cently made a visit to the plant of the W. S. Light & 
Heating Co., of Niagara Falls. It is planned moreover 
to make a rather extensive tour of inspection of the 
plants of some of the other more prominent car lighting 
manufacturers in the near future. 

This is the result of a broad minded policy on the part 
of the Pennsylvania Railroad and is an excellent thing 
for the car lighting industry. It brings the men in 
charge of the operation of car lighting equipments per- 
sonally in touch with the manufacturers of that equip- 
ment. Some of the other large roads would do well to 
emulate the Pennsylyania in this respect. 
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Fifth Annual Convention. 

On October 21-25, the Fifth Annual Convention of 
the Association of Railway Electrical Engineers will be 
held in the Auditorium Hotel, Chicago. 

Since the organization of the Association in 1908, each 
year has witnessed marked progress and each convention 
has surpassed its predecessor both in interest and value 
of the committee reports and the papers presented and 
in the size and quality of the exhibits of the manufact- 
urers. 

The present prospects are that 1912 will far surpass 
the 1911 conventon in every respect. Because of the 
fact that the exhibit space available in the large roof 
Garden of the La Salle Hotel, was not found adequate to 
meet .last year’s needs, it has been decided to hold the 
convention in the Auditorium Hotel, where more spa- 
cious quarters for the various exhibits can be obtained 
on the ninth floor. 

The various committees of the Association have been 
particularly active during the past year and we may 
expect some valuable committee reports at this Con- 
vention. 
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Railway Car Ventilation. 


August is the time of the year when old Sol is operat- 
ing at his maximum efficiency, and one of the chief 
troubles of man is to keep cool. While ventilation may 
not be entirely a matter of keeping cool, physiologists 
tell us that this is very largely true. So we believe that 
it is very timely that we should give this subject some 
special consideration in this, our mid-summer issue. 

The past year has witnessed special activity in the mat- 
ter of motor driven exhaust ventilation for various types 
of cars. As described in the issue of the Railway Elec- 
trical Engineer, an apparently good and efficient system 
for dining car blower exhaust ventilating was worked 
out on the Illinois Central Railroad. This consisted of 
two blowers placed in the kitchen, one exhausting from 
the ceiling of the kitchen direct, and the other drawing 
air through a decorative screen over the doorway of the 
dining room entrance and exhausting upward into the 
hood over the kitchen stove. Thus a large amount of 
smoke and steam from the stove would be carried out of 
the ventilator along with the blower exhaust. 

The Santa Fe have made a big step forward in the 
progress of car ventilation in their air washing equipment 
installed on the Santa Fe De Luxe Special, as described 
in the Railway Electrical Engineer of January, 1912. 
This device was intended primarily as an air cooler and 
purifier for use in crossing the hot desert plains where 
alkali dust fills the air. This system being the pioneer of 
its kind, of course, contains many features which can be 
materially improved upon. That is nothing more than 
can be expected from every new device which is a radi- 
cal departure from past practice. There are, however, 
some things which are fundamentally wrong and should: 
not be repeated in other systems of a similar nature. 

In the first place, the air duct for the transmission of 
either cold or hot air from the washer must be pro- 
vided with heat insulation so that the cold air will not 
be heated in the summer time by passing through a tin 
duct directly under a blazing hot roof, and also that 
warm air coming from the washer will not be unduly 
cool in the winter time. Moreover, instead of allowing 
the cold air to drop down on the passengers heads from 
the outlet just below the quarter deck as installed in this 
case, this air duct should exhaust, as in the Pennsylvania 
system, through frequent openings in a casing enclosing 
the steam heating coils. With suitable exhaust ventila- 
tors in the roof, a current of fresh cool or warm air, as 
the case may be, would be drawn in at the floor line, 
pass upward through the breathing zone of the passenger 
and there being warmed by the body heat of the passen- 
ger and car walls, would pass upward and out of the 
ventilators on the roof. This would then provide pure 
air to the breathing zone at all times instead of continual 
dilution of the air by entering at the quarter deck as 
provided in the present system. Moreover, the drafty 
effects of currents of cold-air coming down on the heads 
of the passengers will be eliminated. This equipment, 
however, is a big step toward good ventilation and the 
Santa Fe is to be complimented upon their originality 
and their aggressiveness in being the first to make such 
a radical improvement in car ventilation. 

The various types of exhaust ventilators, such as the 
Garland, Globe and others, are well known. While thev 
provide a good exhaust of foul air when the train is in 
motion are inoperative when it is at rest. 

The problem is to provide clean, fresh air in sufficient 
quantity and at proper temperature, free from dust; 
cinders and smoke, at all times, whether the train is in 
motion or at rest; and one step further, it must be given 


‘a certain amount of motion over the passengers in the 


car. Still air is usually “Bad” air, and a “Stuffy’” room 
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is usually found to be one in which the air is motionless. 

Electric fans are the solution of this part of the prob- 
lem and there should be not merely one or two per Car, 
but six or eight, in order to provide proper air motion, 

With a large percentage of passenger cars now elec= 
trically lighted there is offered an excellent means of 
providing motor driven ventilation system, which will 
operate either alone or as an auxiliary to a purely 
mechanical system. This ‘then. makes the ventilating 
problem a problem which the electrical engineer must 
solve, and with the present activity in electric air wash-. 
ers and motor driven blowers designs for railway car 
ventilation, the coming year will undoubtedly show much 
progress in this line. 


ASSOCIATION NEWS. 
Annual Convention. 

The Annual Convention this year will be held October 

21-25, on the ninth floor of the Auditorium Hotel, and 
this is going to be the biggest and the best convention 
we have ever held. 
As a matter of fact, it is a good deal worse than that. 
All committee reports and papers must be presented to 
the Executive Committee by not later than September 1, 
in order that advance copies may be sent the various 
members before the Convention. 
_ Our Association is each year bigger and stronger than 
the year before, and each annual convention is a bigger 
success and a better convention than the one preceding. 
The Association is now recognized by the Master Car 
Builders’ Association and consulted in all matters per- 
taining to train lighting. 

But it isn’t safe to offer too many congratulations to 
ourselves. It is up to each and every one of us to jump 
in and make this convention all that it should be. 

Remember the date, committee reports due September 
1. This means just four weeks left to close up com- 
mittee reports. 


Dues are Due. 

Our Secretary, Mr. Andreucetti, tells us that there are 
a good many of the boys that hav’nt paid their dues. 
Of course, we know that this is*just an oversight, but 
he says he needs the money and we will have to take his 
word for it—anyhow we'll all have to be in good stand- 
ing at the time of the Convention or miss one of the 
historic times of our lives, so think we had better come 
across, don’t you? 

Addresses Wanted. 

I am unable to locate the following men and if any 
of the members can give me definite information as to 
their present addresses it will be appreciated. 

Mr. W. B. Brown, formerly with the I. C. R. R. 

Mr. J. Roedel, formerly with the U. S. Light & Ht. Co. 

Mr. G. H. Schilling, formerly with the Pullman Co. 

Mr. Roy J. O'Leary, formerly with the Pullman Co. 

Mr. Harry S. Johnston, formerly with the A. T. & 
awit Yours very truly, 

JOS@ANDREVUCE CII: 
Secretary and Treasurer. 


Rm. 411 C. & N. W. Terminal, Chicago, Ii. 


TRAIN LIGHTING IN ENGLAND. 


It will be remembered that in the February and March. 


issues of the Railway Electrical Engineer there was 
published an excellent article by Mr. Roger T. Smith, 
Elec. Engr., of the Great Western Ry. of England, de- 
scribing the various car lighting systems in use and giv- 
ing some costs of operation. This paper was discussed 
at the March meeting of the Car Lighting Club, a report 
of which is published in the April issue of the Railway 
Electrical Engineer. : 
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But October 21 is not very far OFky . 


The costs given by Mr. Smith, however, were so much 
lower than anything obtained in this country ($3.10 per 
car month by the brake vehicle method) that the 
Secretary of the Car Lighting Club was instructed to 
request more detailed information as to the items which 
went to make up these costs. 

The following letter has just been received froin Mr. 


‘Smith in reply to this request. 


“Gentlemen of the Car Lighting Club:— 

“J am very sorry not to have sent you the information 
you asked for as to the cost of maintenance of our 
coaches at an earlier date, but there has been consider- 
able discussion with my General Manager and doubt in 
my own mind as to the proper way of reckoning the 
maintenance per coach when the number of equipped 
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coaches is rapidly increasing, and I did not want to give — 


you any figures which could not be substantiated officially 
by our General Manager’s Department if need. be. 
There is no doubt that the proper unit for comparison is 
the car-mile, but we cannot obtain the car miles of elec- 
trically lit coaches as distinct from others not so lit, and 
the cost per coach is the only unit at present available. 
“The number of coaches equipped during 1911 has in- 
creased 47 per cent, but it has been necessary to provide 


a train staff for meeting not only the requirements for — 


maintenance during that year but also for an additional 
number of coaches this year. It is not possible to have 


less than one man at a depot, and we are in the condi- 


tion in which a number of depots throughout our 3,000 
miles of line have had to be established and a staff pro- 
vided which will be capable of looking after more than 


double the number of coaches actually equipped. Under. 


these circumstances the average number of coaches 


“i 


August, 1912. 


equipped during 1911 does not really give a correct 
divisor for the cost of maintenance. 

“Fig. 1 shows the costs during each 28 day period of 
the various items, the costs for each period, and for four 
similar periods at the end of 1910 and the beginning of 
1912, being averaged to get the curves shown dotted on 
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“At the end of the year the cost per coach per annum 
was £11:10:0 for Leitner equipments only, and £12:8:0 
for all equipments. This gives a sum in excess of the 
£9:10:0 per coach per annum stated in my paper, which 
was for Leitner equipments. The slope of the curve if 
continued at the same rate as for 1911 would bring the 


Group Attending Conference of Harriman Lines Electricians. 


the diagram. These again are averaged to get the full 
line slopes shown. I believe that these diagrams are as 
nearly correct as they can be got. The costs include all 
departmental maintenance charges, including manage- 


ment, but nothing else. 
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cost per coach down to £9:10:0 some time in 1913, but 
our maintenance per coach this year is decreasing at a 
greater rate than in 1911 and when the number of 
coaches equipped is about doubled, the cost per coach 
per annum will be approximately £9, and should the 
brake vehicle method be considerably extended it will be 
very much lower. 

“TI should expect that the great difference between the 
cost of maintenance with you and in this country 1s 
partly accounted for by the fact that you have more light 
and larger equipments, so that the comparison per coach 
is fallacious, and partly that your wages must be very 
much higher -than ours. In the memorandum attached 
I give the wages we pay to the different grades and it 
would be interesting to know how these compare with 
your wages. 


GREAT WESTERN RAILWAY (England.) 
Wages of Electric Train Lighting Staff. 


Minimum Maximum 
Grade pence per hour’ pence per hour 
Battenyerattendante «os. « 6 ($0.12) 10 ($0.20) 
Fitvenmeeri eer n save ctoles es4 8 ($0.16) 10 ($0.20) 
LabOreneeers tincdan ons acins ae- 3.5 ($0.07) 6 ($0.12) 
Electrical Examiners ..... 8 ($0.16) 9 ($0.18) 
Assistant Examiners ...... 6 ($0.12) 8 ($0.16) 


“I am very interested in the abstract of the discussion 
at the Car Lighting Club, which appeared in the April 
number of the Railway Electrical Engineer, and ath very 
glad if my paper has given my Electric Train Lighting 
brethren on the other side of the Atlantic any excuse 
for looking at their problems from a slightly different 
point of view. I can assure you that your paper and 
more especially the work of the Committees of the Asso- 
ciation of Railway Electrical Engineers is a very great , 
help to us in England, who in general work on much 
more conventional lines. 


Yours very truly, 
ROGER T. SMITH.” 
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Ventilation of Railway Cars 


Although this subject is an old and a very much dis- 
cussed one, when it is considered in the light of recent 
development and improvements in ventilating apparatus 
we have a better understanding of its laws and require- 
ments. The Master Car Builders’ Association has ap- 
pointed various committees to investigate this subject 
whose reports have been of considerable value although 
they have not contained much experimental or research 
work. The informal discussion on this subject at the 
annual meetings of the Railway Electrical Engineers 
has also brought out many points of interest and value. 
The report of a committee of the American Medical As- 
sociation on the “Ventilation of Cars” (1911) of which 
Thomas R. Crowder, M. D., of the Pullman Co., was 
Chairman, presents some excellent information on the 


subject as well as a complete resume of developments — 


up to date. 

The above committee report and a paper entitled, “A 
Study of Ventilating Sleeping Cars,” by Dr. Crowder, 
have been of considerable assistance to the writer in ar- 
ranging this article. 

There have been, during the past few years a great 
many different devices and systems of car ventilation 
employed and a great many more designed on paper. 
In this article, however, we must confine ourselves to 
the consideration of the types more generally used. 


Deck Sash Method. 

This is probably the oldest and at the present time the 
most generally used system of all, although its one sal- 
vation may have been, as Dr. Evans said in his discus- 
sion at our annual convention last fall, that, “It isn’t 
worth a 
let cold air directly down on the heads of the passengers 
and would never be tolerated by the traveling public.” 

The Deck Sash ventilator is a well-known one and re- 
quires no description. The actual results obtained from 
this type of ventilation are extremely variable and un- 
certain. The openings may act either as. inlets or out- 
lets and are subject to any change in the wind. They 
accordingly demand constant supervision of the train 
crew. 


The Exhaust Method. 

The most extensively used type of exhaust ventilator 
is that known as the Garland. This was developed 
about 7 years ago and is now in use on over 8,000 Pull- 
mans and coaches. The ventilator operates on the in- 
yector principle and removes the air from the upper por- 
tion of the car by exhausting it through the deck sash 
windows. A modification of this type providing a 
blower for ventilating the car while it is at rest, is de- 
scribed on page 73 of this issue. 

The operation of the simple exhaust type is dependent 
upon train motion and of course is inoperative when the 
train is at rest. It has been shown by repeated experi- 
ments that each ventilator of this type will remove about 
370 cubic feet of air per hour for each mile of train 
speed, or approximately 15,000 cubic feet per hour at the 
ordinary speed of passenger trains. 

At high speed the operation of this ventilator is al- 
most entirely independent of the direction of the wind 
but at the lower speeds the strong side winds may effect 
its operation somewhat, causing a decreasing exhaust on 
the windward side and increase on the lee side. 

Another well-known type of exhaust ventilator is the 
Globe ventilator which utilizes the train motion for 


If it worked as it is designed to it would ° 


creating an exhaust of air through the roof. This, how- 


ever, is not so positive in its action as the Garland type. — 


Another type of exhaust ventilator recently developed 
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is the Utility ventilator which is described on another | 


page of this issue. 
Automatic Ventilator. 

In this system of ventilation the deck sash is used both 
as an inlet and an outlet for the air and each window is 
separated into two portions, a forward and a rear, with 
a 12-inch space between. A 6-inch vane is mounted on 


the outside of this space and when the car is in motion — 


this creates a pressure in front and forces the air in 
through the forward opening while at the same time it 
acts as a deflector for the rear opening and draws the 
air out at that place. The rate of entrance of air will 
always depend upon train speed, but becomes effective 
at very low speeds, hence is used for street car work 
as well as on railroad cars. This type is now in use on 
over 5,000 cars on both classes. 

It should be noted, however, that because of the fact 
that the outlet and inlet are very close together a large 
part of the air admitted into the car will be drawn di- 
rectly out again without passing through the breathing 
zone of the passengers. So anemometer readings giving 
the number of cu. ft. of air admitted and exhausted can- 
not be taken as a real measure of the efficiency of the 
system. 


Pennsylvania Method. 

The Pennsylvania Railroad Company, under the direc- 
tion of Dr. Dudley, developed a system of. ventilating 
which is entirely different from any of the types de- 
scribed so far. The air is brought in through hoods 
located at diagonally opposite corners of the car, con- 
ducted downward through vertical drums from which it 
enters conduits located under the floor and extending 
the whole length of the car along each side. From the 
upper side of these two conduits, openings are made into 
the casing which contains the train heating pipes and 
ducts lead off laterally through this casing and extend 
below each seat. The intake of air depends upon the 
scooping effects of the hoods when the train is in mo- 
tion, while Globe ventilators are placed on the roof for 
removing the air from the upper zone of the car. In 
this way a constant movement of air from the floor to 
the roof is maintained. 

An arrangement is provided whereby the train men 
can adjust the flow of air so that the car will not be 
unduly cooled off when going at high speed in cold 


weather. This system is designed to supply about 60,000 — 


cubic feet of air per hour and experience has shown 
that it is easily capable of doing this. 

The above four methods represent pretty well the 
types of ventilating apparatus which have been exten- 
sively used on cars up to the present time. A great 
many modifications of each type have been designed and 
some have given fairly good results. All of the above 
types, however, depend almost entirely on the motion of 
the train for proper ventilation. 

While a great many agitating fans have been installed 
with excellent results in a majority of the electrical 
lighted cars, fans and blowers as a means of forcing 
fresh air into the car and exhausting foul air, have found 
but limited application. 
on page 73 of this issue, however, is a step in the right 
direction. Without doubt the next few years will wit- 
ness a marked development in the ventilating of cars by 
the motor-driven blower exhaust method. 


; 


The blower ventilator described — 


‘ 


ig 
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Methods of Computing Air Supply. 


The usual way of determining the supply of air, which 
any car is receiving, is to place an anemometer either at 
the inlet or outlet, whichever is the most convenient for 
purposes of measurement. The number of cubic feet 
of air passing through that opening is then readily meas- 
ured. This, however, may or may not be a true indica- 
tion of the real ventilation of the car, for as in the 
case of the Automatic type ventilator, where the inlet 
and the outlet are in close. approximity of each other, 


Chart: 1. 


only a small portion of the air admitted to the car may 


actually pass through the breathing zone of the pas-. 


sengers. In this case and in some others of the deck 
sash type, the anemometer readings would give an en- 
tirely false idea as to the true ventilation of the car. 

The amount of fresh air that actually enters the 
breathing zone is the only true criterion in considering 
the efficiency of any ventilation system. This may be 
measured fairly accurately by determining the amount 
of carbon dioxide which the air of this zone contains. 

The problem is simple. The average person produces 
approximately 0.6 cu. ft. of carbon dioxide (CO,) per 
hour and the air surrounding a car has been found to con- 
tain very close to 4 parts in 10,000. The amount of 
air supplied by the ventilating system of the breathing 
zone is then expressed by the following equation, 


in which A is the air supply in cu. ft. per hour, p is the 
number of people in the car and x is the per cent. of CO, 
found in the car air. The accompanying curve illustrates 
pretty well the manner in which this rule may be applied. 
If, for example, it is found in a car that there are 8 parts 
of CO, in 10,000, upon referring to the curve, Fig. 1, 
it is seen that this indicates a ventilation of 1500 cubic 
feet of air per person per hour. A great many tests of 
various types of ventilating systems have been made 
and presented in the Committee report above referred 
to. This might be summarized as follows :— 


1. Natural Ventilation eas Sash Method). 
Parts CO: in 10,000 
MP vapelOSEd. CateeG: Oia stoic mile ale Mtr aig locoree 18,500 
muy te-open. deck, sash 79 ine. acumen as. - eo 
With open-end door (decks closed) 5.75.. 
. With open-end door (decks open) 5.40.. 
With open windows, more than........... - 100,000 
2. Exhaust Ventilation (the Exhaust Method). 
Parts CO: in 10,000 
a. Fully closed car 6.20 
Peet open-end ddoti5.50 . 6.0 senci eva cess 57,900 
c. With open windows, more than........... 100,000 
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Bea hiaeet Hour. 


Cu. Ft. Per Hour. 
40,600 
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Pullman sleepers, however, present a somewhat dif- 
ferent, problem as the car is divided into a number of 
small compartments at night. Over 1200 separate tests 
were made and were taken under various conditions of 
a car in motion and at rest with the type natural and ex- 
haust type of ventilation. These are summarized as fol- 
lows :— 


1. Natural Ventilation (Deck Sash Method). 
Parts CO: in 10,000 Cu. Ft. Per Hour. 
PIRI UROIR PAU AIS) Cn oie, nod laa state J tiles ta als 29,700 
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2. Exhaust Ventilation (the Exhaust Method). 
Parts COs in 10,000 Cu. Ft. Per Hour. 
40 
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The Hygiene of Ventilation. 


The number of cubic feet of fresh air supplied to a 
car is usually considered the proper criterion by which ° 
to judge the ventilation of a car. As a matter of fact 
medical authorities tells us that the mere deficiency of 
oxygen or excess of carbon dioxide is not responsible 
for the discomfort experienced in a crowded car. The 
comfort of the passengers depends more directly upon 
whether or not the body is given an opportunity to rid 
itself of its excess arfimal heat. The human body is 
constantly generating heat, in fact, if a person were in- 
cased in a heat proof jacket which retained all of the 
heat generated in the body, inside of 36 hours he would 
be up to the boiling point. 

This constant cooling off process, which is so essential 
to human life and comfort is effected by both the ‘con- 
vection currents of air immediately adjacent to the body 
and by evaporation of moisture through the pores of the 
skin. The amount of direct radiation to the surround- 
ing air is dependent upon the temperature of that air. 
The colder the temperature the more heat radiated from 
the body and vice versa. The amount of heat carried 
off by the evaporation of moisture depends upon the 
humidity of the air in the car, but both of these cooling 
effects are greatly increased by motion of the air in the 
car caused by electric fans or open windows. 

It is seen that the air within a car has two principal 
functions, a chemical and a physical. For the perform- 
ance of its chemical functions it must contain a sufficient 
amount of oxygen and be free from poisonous gases: 
for the performance of its physical functions it must 
have the proper temperature, humidity and motion to 
enable it to carry away the surplus body heat. While 
every one will agree that outdoor air is far more pre- 
ferable to air contaminated even to the slightest degree, 
air may contain a comparatively large per cent. of CO,, 
provided the air temperature, humidity and air motion 
are properly taken care of.. Normally the point at which 
the passengers begin to feel the ill effects of “stuffy” 
air may vary. from 6 to 20 parts of CO, in 10,000, but 
as above stated the consideration of temperature, humid- 
ity and air motion are of such great importance that the 
chemical effect of the: CO, present in the air is greatly 
lessened. 

In a talk before our Annual Convention last fall, Dr. 
Evans said that the agitating fan was of greater im- 
portance in car ventilation than seems to have been con- 
sidered. These fans should be run not only in the 
summer time but all the year around. He said, “It is 
all right to kill hogs when the frost comes, but that isn’t 
the time to kill people,’ presumably by failing to provitte 
sufficient air motion. He also maintained that two agi- 
tating fans per car was far from a sufficient number ; 
there should be enough to maintain a constant air motion 
in all parts of the car. 
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In the winter time it will probably be rather difficult 
to operate fans to the satisfaction of the traveling public, 
for at that time of the year the humidity is low, hence, 
the cooling effect of evaporation high. Cars often be- 
come too cold, so that the added cooling effect of the 
fan might become objectionable. With a proper balance 
of temperature, humidity and fan breezes, however, 
winter travel may be made even more pleasant from a 
ventilation stand point than summer travel. 

Of these three factors, temperature is the most im- 
portant. A “stuffy” car generally means a car that is 
too hot and “bad air’ is usually air that will not con- 
sume the body heat rapidly enough. When the car tem- 
perature does not rise above 70° F. there will be little 
complaint from passengers, although, the greatest com- 
fort for the average person ordinarily dressed seems to 
be between 64-68. In Pullmans at night when the pas- 
sengers are sleeping under heavy blankets a temperature 
of 50° F. is more healthful. 

Where electric fans are operated in the winter time as 
recommended above, it will be found that a somewhat 
higher temperature in the car will be required, but the 
added comfort of the passengers will undoubtedly more 
than warrant the additional expense. It may be main- 
tained by some that the natural leakage of cold air 
through the window crevices in the winter time will be 
sufficient to maintain proper motion of the air where 
sufficient fan motion is provided, however, this is an 
uncertain quantity and unhealthful, but by the use of 
electric fans, the drafty effect from cold windows will 
be largely eliminated and proper air motion maintained 
at all times. 
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Summary. 

In the above discussion, we have endeavored to lay 
before our readers the following fundamental principles 
in car ventilation. . 

1. It is the amount of fresh air actually forced into 
the breathing zone that is the real measure of efficiency of 
any ventilation system. This is determined by means 
of measuring the amount of CO, present in the breath- 
mg zone. Anemometer readings of exhaust or entrance 
of air into the car may be seriously misleading. 

2. The experiments made by Dr. Thomas Crowder 
and others have shown that respiratory contamination 
of air in a car is seldom serious. 

3. The air performs two principle functions for the 
body, one chemically and the other physically. The 
chemical supplies the oxygen to the blood while its phy- 
ical property is to carry away .excess heat which the 
body generates. The object of any ventilating system 
is to supply reasonably pure air in sufficient quantity to 
perform both of these functions properly. Much ex- 
perimentation has shown that usually poor ventilation 
is due to high temperature, high humidity and poor air 
motion, rather than the lack of oxygen or the presence 
on COs. 

4. It is immaterial whether ventilation and heating 
are partly combined or wholly separated so long as the 
yequirements of temperature, quantity of air, humidity 
and air motion are taken care of. When railroad men 
more thoroughly understand the real causes of discom- 
fort due to poor ventilation much more effective work 
can be done toward remedying those causes and making 
railway travel even more enjoyable than at present. 


New Electric Locomotives for N.Y.N.H. & H.R.R. 


Work is now well under way on a consignment of 39 
heavy service, electric locomotives (Figs. 1 and 8) that 
are being built by the Baldwin-Westinghouse combina- 
tion for the New York, New Haven & Hartford Rail- 


road Co., for use on its lines between New York and- 


New Haven. This is one of the largest consignments 
of electric locomotives that has ever been under con- 
struction and is of further interest in that the design 
adopted is considerably different from any heretofore 
used for electric engines and in that 36 of the engines 
are arranged for single-phase service only. There are 
no decidedly new features involved, as all of the methods 
used have been heretofore employed. But never before 
have they been utilized in the combination devised for 
these 39 engines. 

In their construction have been combined what have 
been shown in everyday road service to be the best 
features of the heavy locomotives that have been built in 
the past. An &motor driving arrangement similar to 
that first used in the 069 New Haven Locomotive and 
an articulated running gear similar to that used for the 
072 class locomotives has been adopted. 

Each engine is driven by four twin-motor (Fig. 7) 
units, 8 motors in all—with one twin-motor unit mounted 
over each driving axle. This arrangement has shown 
itself to be a very desirable one for the following reasons: 

1. Peripheral speed is a limiting feature in railway 
motor design. With two small motors it is possible to 
use a rotative speed approximately twice that possible 
with one large motor. Each motor has therefore one- 
half the number of poles of practically the same size as 


would be required by one equivalent large motor. There- 
fore two of the small motors have practically the same 
number of parts, such as field coils, armature coils, and 
brush holders as would be required by one large motor. 

2. Each of the small motors has a diameter practic- 
ally half of that of one equivalent large motor, hence a 
saving in weight and space results. 

3. A further saving in weight results because each 
small motor exerts but one-half the torque that must be 
exerted by one equivalent large motor ; therefore a single 
gear meshing with the pinion of each motor can be used 
in place of two gears necessary with a small motor of 
the same total capacity. . 

4. The use of a single gear being possible because of 
the reason of item 3, the motor can be longer, which per- 
mits of a more economical design. 

5. The motor armatures are interchangeable with 
those used on the New York, New Haven & Hartford 
and the New York, Westchester and Boston motor cars. 

6. Finally, eight motors actually cost less than do 
four having the same aggregate output. 

As to the articulated running gear, (Fig. 2) adopted 
for these thirty-six engines, it is very similar to that 
used for the 072 type New Haven locomotives (the 072 
engines were driven by four motors). A running gear 
of this type has shown itself to be very “easy running” 
as far as shock to the equipment in the locomotive cab 
is concerned, which is one of the reasons why it has 
been used. 

_ The cab rides on top of semi-eliptic and helical springs 
in series. This spring arrangement resembles, in general 
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principle at least, that which is employed for, and makes 
riding easy in passenger cars. In general design and 
arrangement all of the locomotives are the same, but 
the three bearing the road numbers 073 to 075 are for 


Fig. 1. Showing Pantagraph Trolley. 


both alternating and direct-current operation in fast 
freight and heavy passenger service. These latter are 
designed to handle a trailing load of 800 tons at a max- 
imum speed of 45 miles per hour. When operating on 
single-phase alternating current they take energy at 
11,000 volts and 25 cycles, and on direct current at 650 
volts. 

Thirty-six of the locomotives which bear the road 
numbers 076 to 0111 are equipped for 11,000 volt, 25 
cycle, alternating-current operation only. They are pri- 
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driving pedestals are finished to a taper and are fitted 
with adjustable wedges. The pedestal binders are cast 
steel. 

The drawbar pull is transmitted from truck to truck 
by means of a draw bar adjusted to leave a 14 inch maxi- 
mum clearance between the end ties or bumper guides. 
of the trucks when all the slack is pulled out. The 
truck cross ties or bumper guides (Fig. 4) which are 
located on trucks at the mid-length of the locomotive, 
are equipped with spring buffers which assist in trans- 
mitting the buffing shocks from truck to truck. The 
drawbar has a slotted hole in one end. With this arrange- 
ment all pulling strains are transmitted through the draw- 
bar and pushing and buffing shocks through the spring 
buffers, and bumper girders. 

The principal dimensions of all 36 of the locomotives 
are as follows: 

Length between coupler faces, 50’-0”. 

Width over all, 10’-3”. 

Height to top of cab, 12’-6”. 

Height to top of clearstory, 13’-10". 

Wheel-base, rigid, 8-0”. 

Wheel-base, total, 40’-6”. 

Driving wheels, diameter, outside, 63”. 

Driving wheels, diameter, centers, 56”. 

Driving journals, 7”x13”. 

Truck wheels, diameter, 36”. 

Truck journals, 6”x12”. 

Weight on driving wheels, for A. C.—D. C. engines 
182,000 pounds. 

Weight, total locomotive, for A. C.—D: C. engines 
(073 to 075), 240,000 pounds. 

Eight, No. 409C, single phase, commutator type, series 
motors (Fig. 7), having a capacity of 170 h.p. on a one 
hour rating drive each locomotive. The motors are 
groupéd together:in pairs. The two motors of each pair 
—a right'hand and a left hand motor—are bolted to- 
gether sovas to’form a unit. One pair of motors is 
mounted rigidly on the truck frame over each of the 
four driving axles. Each pair of motors is provided 


Fig. 2. 


marily for fast freight service but will also sometimes 
haul passenger trains. They are designed to handle a 
trailing load of 1500 tons at a maximum speed of 35 
miles per hour. All 36 of the locomotives are designed 
to exert a maximum tractive force of 40,000 pounds. 
The four pairs of driving wheels and two pairs of small 
leading wheels are in two groups, each group having 
outside frames of the bar type. These cast steel frames 
are four inches wide and are similar to those used in 
steam locomotive practice. The pulling and buffing 
strains are transmitted entirely through the truck frames 
which are braced transversely at the end of the trucks 
and between the driving axles. The inside faces of the 


The Articulated Truck Showing Running Gear. 


with two axle bearings which carry a quill concentric 
with and surrounding the axle. A single gear is mounted 
on one end of the quill and into this gear mesh the two 
pinions keyed on the motor armature shafts. 

Mechanical connection between the quills and the driv- 
ing wheels is effected through helical springs which are 
mounted between the driver spokes and the projecting 
arms on each end of the quill. A radial clearance of 11% 
inch is provided between the inside of the quill and drive 
wheel axle, so that the drivers are free to follow ir- 
regularities in tracks. 

This method of mounting relieves the axles of the 
dead weight of the motors and insures that the opera- 
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tion of the locomotive will be easier on the tracks. The 
tops of the motors extend into the cab about six inches 
above the floor line. A low deck is built over each pair 
of motors and doors are provided in the decks in such 
positions that free access to the commutators and arm- 
ature bearings is afforded. 

Flexible leads of ample length to accomodate all move- 
ment of the motors relative to the cab extend through 
insulating bushings in the floor and electrically connect 
the motors with the control apparatus. 

Of the 39 locomotives, three are arranged for opera- 
tion on either alternating or direct current and these 
are provided with control equipment that can be used in 
either service. Therefore the pneumatically-operated 


Fig. 3. 


Engineer’s Operating Equipment in Cab. 


‘control switches work in combination with a transformer 


and preventive coils when the locomotive is receiving ” 


alternating current energy and in combination with grid 
resistors when it is receiving direct current. 

Each pair of motors is connected permanently in 
series. In alternating-current operation the four pairs 
are connected in multiple and on direct current they may 
be connected two pairs in series or all four pairs in 
parallel. 

When. operating on alternating current from the line 
at 11,000 volts the energy passes through an oil circuit 
breaker to the primary of a main transformer and thence 
to ground. A number of taps are provided on the 
secondary winding of this main transformer and are con- 
nected, through preventive coils, by means of the pneu- 
matically-operated switches to the motor circuits. There 
are twelve voltage steps on the transformer winding, 
nine of which are for running points. 

The pneumatic switches, used for operation on alter- 
nating current are assembled in one group. This group 
is located close to the transformer. Reversal of the 
direction of rotation of the motors is effected with two 
pneumatically-operated drum type reversers. Each re- 
verser is so connected as to handle two pairs of motors. 
When the locomotives are on direct current the control 
of the motors is accomplished with two other groups of 
pneumatically operated switches which connect the pairs 
of motors in series and in parallel, in combination with 
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the resistors. The switches and resistors used for oper- 
ation on direct current are supported at the center of 
one end of the locomotive. The switches are arranged 
in one straight line with the resistors directly above them, 


Fig 4. 


Spring Buffers and Bumper Girders. 


so that the connecting leads between switches and resis- 
tors are of minimum length. Fig. 9 shows interior of 
locomotive for single phase operation. . 

Two master controllers, one located in each end of the 
cab, are provided. See Fig. 3, showing operating equip- 
ment. With these the operation of the pneumatically- 
operated switches and reverser, hence the motors, can 
be regulated when a locomotive is running either on 
alternating currént or direct current. 

The Sirocco type blowers, for handling cooling air, 


Transverse Section Through Locomotive, 


each driven by a small alternating current direct ‘current 
motor, are located in the center of the cab directly under 
the main transformer. These blowers draw their air 
from outside of the locomotive and discharge it through 


2 


oe 


August, 1912. 


the main transformer, motors and resistors. The equip- 
ment is thereby maintained at a moderate temperature 
even when operating under severe overloads. 


Fig. 6. Twin Motors Assembled, Pionion End. 


fm double: E.-L. air brake equipment is provided on 
each locomotive. Two compressors each having a capa- 
city of 50 cubic feet of free air per minute, are mounted 
% within the cab to supply air for the brake and control 
” apparatus. 

Brake shoes are applied to all of the driving wheels 
and separate pairs of cylinders are provided for each 
group of wheels. The brakes can be applied to one group 
with a hand wheel located in a cab so that a locomotive 
ean be held while standing in the yards. 
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An oil burning steam heater plant, capable of supply- 
ing 800 pounds of steam per hour, is installed in the three 
alternating-direct current locomotives for the heating of 
passenger trains. 

For collecting the current there are two pneumatically- 
operated pantagraph trolleys for use with an overhead 
wire, and four pneumatically-operated third rail shoes 
are provided for use in the direct-current zone. There 
is also a small overhead direct-current shoe-type col- 
lector for use at cross-overs. All of the collector devices 
are arranged so that they are under the conttol of the 
engineer at all times from either of the control positions 
in the locomotive cab. 


Fig. 9. Interior of Cab Showing Reverser, Air Ducts, Motor Generator 
for Charging Storage Batteries, Air Compressor and Trar/sformer 
in tre Back Ground, 


96° : 76 : 


FE ERY 


Junction Box 


Resistor Case 
Ventilator 


Resistor 


ca 


Side View of 8-Motor Electric Locomotive. 


Fig. 8. 


; 10-6" ots 
Longitudinal Section Through Locomotive. 


NEW COPPER CLAD CATALOG. 


The Duplex Metals Co., of Chester, Pa., have just 
issued a well illustrated little booklet, which is a com- 
plete treatise on the subject of copper clad steel wire. 
It is artistically gotten up and well worth the time of 
any one interested in this subject, as it contains much 
information of scientific as well as practical value. A 
copy will be furnished upon request. 


Editor’s Note. 

The article published in our June issue describing a 
new type of round-house lighting, which employed spe- 
cial reflectors mounted on the wall about 8 feet from the 
ground, was misleading in regard to the matter of giv- 
ing proper credit for the design of this system. This 
type of round-house lighting was originally designed by” 
Mr. W. J. Bohan, Mechanical Engineer of the Northern 
Pacific Railway Company and there are at the present 
time over 1,000 in use on the Northern Pacific and 
Great Northern Railroads. 
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Relation of Central Station Generation to Railway 
Electrification 


Mr. Samuel Insull, President of the Chicago Common- 
wealth Edison Company delivered a paper on the abuve 
subject before the 29th Annual Convention of the Amer- 
ican Institute of Electrical Engineers. This; coming 
from one of the best known authorities in the central 
station field, has much authentic information, and shouid 
received the careful consideration of all railroad officials 
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Fig. 1. Power Required for Electrification of all Chicago Terminals. 


whether immediate electrification is contemplated or not. 

Mr. Insull opens his paper by saying that he is not 
in sympathy with any agitation to force steam railroads 
of this country to electrify, nor does he propose to dis- 
cuss in this paper what might be termed “technique” of 
electrification, that is, the special system that should 
be used. 

He said that the large amount of energy which the 
railroads required for electrification is really the one 
thing that should turn them to central station men for 
assistance. As this power, however, is only about 15% 
ta 20% of the total demand for energy in any com- 
munity, the problem is not a very serious one for the 
central stations to handle. : 

Mr. Insull presented table of dimensions showing the 
amount of power consumed by the various industries in 
New York, Boston and Chicago, and that out of a total 
of 650,000 k.w. consumed in New York, but 55,000 was 
required to operate the electrified service of the Penn- 
sylvania, New York Central and the N. Y., N. H. & H. 
aR Sie ate 

As to the requirements of Chicago if all railroads were 
electrified, Mr. Insull presents the accompanying chart, 
more detailed information, however, is given as an ap- 
pendix to his paper. 

Mr. Insull advocates verv stronely the centralization 
of power in large generating stations, and presents data 


upon which he bases the claim that a saving of $3,000,- 
000 per year in operating expenses could be made in 
New York alone at the present time, if the system of 
centralization of production and the centralization of 
primary distribution, such as he recommends, were 
adopted. At the present rate of growth business is. 
bound to double in 10 years so that the saving which 
would be effected 10 years hence when capitalized at 5% 
would represent a money value of $140,000,000 to $175,- 
000,000. 

The amount of property which would be realized 
and made available for other purposes by this centralized 
power generation system would be worth approximate 
$18,000,000. Surely this is a matter worthy of the 
most careful consideration of the greatest engineers 
and worthy of the attention of the greatest financiers in 
the country. It is conservation of the truest order. 
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Fig. 2. Plan of Chicago Terminals in Proposed Electrical Zone. 

As an appendix to Mr. Insull’s paper, some computa- 
tions made by Mr. Paul Bird, Mr. H. P. Gear and Mr. 
E. J. Fowler were presented. These give us an idea of 
the electrical power requirements of various railroads 
entering Chicago if a general electrifications of these 
roads were adopted and traffic conditions were continued 
on essentially the same basis as.at present. 
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With the railroads actually electrified however, there 
is no question but that great changes in freight terminals 
will be made, and that a large number of the freight 
cars that now come through the heart of the city will 
pass around and outside the city limits, and possibly even 
outside the electrified zone. 

It was found that during the month of November and 
December freight traffic in Chicago was at its maximum. 
Based on the traffic of December 1911, the maximum 
demand and current consumption of the various rail- 
roads are as follows: 
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S—"The Status of High Pressure Gas Lighting” by 
Mr. George S. Barrows. This paper will be a col- 
lection of domestic and foreign correspondence per- 
taining to high pressure gas lighting. 


6—“Recent Develanmients in Gas Lighting;’ by Mr. 
R. F. Pierce. ‘ 

7—“Indirect and Semi-Indirect Illumination” by Mr. 
T. W. Rolph. ; 


8—*Recent Developments in Series Street Lighting” by 
Dr. C. P. Steinmetz. 


9—“Research Methods” by Dr. E. P. Hyde. 


Kilowatts Capacity in kilowatts 
Railroads Freight load Pass. load Total load Generating Substations No. of No. of Length of lines 
stations substations lines 
1. Ill. Cent. 

Mit Ges PASS; tre) eee 4,609 20,400 25,000 37,500 37,000 a 19 329,000 ft. 
2. L.S)&'M.S. 

M.C.R.R. Freight. 

ClURels Soe wPass... .. 8,750 7,750 16,500 24,000 28,000 if 14 255,000 ft. 
PACE SS Wiaatinc.e e rete 8,000 25,000 33,000 50,000 51,000 8 19 479,000 ft. 
Aue. Me &ASty Pes coe cas 4,350 3,050 7,400 14,000 14,000 4 8 121,000 ft. 
&. C, & Gt. W ae. 

Grand Trunk. 

Bus 0. C.-T 

PH eBelte.. 10,500 2,000 12,500 22,500 26,500 15 21 1,224,000 ft. 
6. PF.& W.&C 

PeCr Cc StL 5.700 2,000 7,700 14,000 20,000 (10 12° 637,000 ft. 
7. Erie. 

Galc&-L, 

C.&W.1 

Wabash. 

Beltc ae wctstels ere cevaniees 5 16,300 3,200 19,500 30,000 32,000 10 ‘ 18 290,000 ft. 
8. Santa Fe 

Alton ts ss tecs dares 2,600 2,000 4,600 9,000 6,000 2 4 29,000 ft. 
On Cre BAGO. aus sce. 5,400 5,400 10,800 16,500 14,000 3 8 47,000 ft. 
Ot Gor R 9h c6e Pvc lactis totes 2.400° 3,000 5,400 9,000 9,000 3 6 15,000 ft. 
11. Chicago Junction 5,000 — 5,000 9,000 JAS _— i —_ == = 

Ee a kbs, ) Gee eure aro ce etarantiers 4,100 — 4,100 _- 6,000 7,000 3 3 237,000 ft. 
otalien mecha Santi 77,700 73,800 151,500 241,500 244,500 72 132 3,673,000 ft. - 
Fig. 3. Annalysis of Power Required: by Various Railroads Entering Chicago, 


These data are worked out for the same electrified’ 


zone that is being considered by the Association of Com- 
merce Committee on Smoke Abatment and Electrifica- 
tion of Railway Terminals. 

Under the centralized plan’ of power distribution, only 
21 additional substations would have to be established. 
There is a savin in total power house capacity of cen- 
tralization station, vs. individual power plants owned and 
operated by individual roads of approximately 100,000 


‘k. w. There is also a corresponding saving in conduit 


and poll line construction as well as in feeder cable dis- 
tribution systems. 


PROGRAM 6TH ANNUAL CONVENTION, I. E. S. 
Hotel Clifton, Niagara Falls, Ont., September 16 to 19, 1912. 


1—Report of Committee on Progress. This report will 
deal with the recent progress and developments in 
the lighting industry both in this country ancl 
abroad. 

2—A Report of the Committee on Nomenclature and 
Standards, which will deal with certain definitions 
and terminology of illuminating engineering. 

3—“Steel Mill Lighting’”—a report of the committee on 
illumination of the Association of Iron and Steel 
Electrical Engineers—to be presented by the chair- 
man, Mr. C. J. Mundo. 

4—“High Pressure Gas Lighting” by Mr. F. W. Good- 
enough, Chairman of Council, Illuminating Engin- 
eering Society, London, Eng. 


10—“The Problem of Heterochromatic Photometry and 
a Rational Standard of Light” by Dr. H. E. Ives. 

11—“Reflection from Colored Surfaces” by Mr. Claude 
W. Jordan. 

12—“Diffuse Reflection” by Dr. P. G. Nutting. 

13—“A Study of Natural and Artificial Light Distribu- 
tion in Interiors” by Mr. M. Luckiesh. 

14—“The Physiology of Vision” by Dr. T. A. Woodruff. 

15—“The Efficiency of the Eye Under Different Systems 
of Illumination” by Dr. C. E. Ferree. This paper 
will be a report of a research carried on for the 
American Medical Association. 

16—“A Proposed Method of Determining the Diffusion 
of Translucent Media” by. Mr.E. Le Eliott: 

17—“Illumination Charts” by Mr. F. A. Beuford. 

18—“The Determination of Illumination Efficiency” by 
Mr. E. L. Elliott. 

19—“An Absolute Reflectometer” by Dr. P. G. Nutting. 

20—“Colored Values of Illuminated Surfaces” by Mr. 
Bassett Jones, Jr. This subject will be presented in 
the form of a series of experimental demonstrations. 

21—One session wi'l be arranged for, a potpourri, at 
which discussions will be in order on miscellaneous 
phases of illuminating engineering. It is expected 
that this session will bring out interesting and valua- 
ble points not particularly. covered by the above 
papers and reports. 

Inspection tours of the power houses and other won- 
derful development enterprises peculiar to this location 
have been arranged for. 
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New Pennsylvania Diners 


The efficiency of the dining car service on the Penn- 
sylvania Lines has been increased by the adoption of a 
decided innovation in dining cars. By omitting plat- 
forms and vestibules, space has been provided for two 
additional tables, seating six people—making the capac- 


Fig. 1. Interior of Diner. 


ity thirty-six people. What the new arrangement means 
is indicated by the fact that one of the first demonstra- 
tions of the car to determine its capacity for business 
showed that 108 people were served in three hours with 
no rush or crowding. 


The new Pennsylvania dining car is 83 feet long over 
all; it is of all-steel construction, weighing 147,500 


pounds. The kitchen is 19 feet 6 inches long, and the 
pantry 7 feet long. There are no platforms, every inch 
of space being utilized; side doors are provided at each 
end ,for stocking both the kitchen and the steward’s 
department. A sliding door shuts off the kitchen and 
pantry from the main dining room, while fans at each 
end of the kitchen free the car of odors and smoke. 
The dining car is finished in French gray. 


Fig. 3. Interior of Kitchen. 


Fig. 2. 


Exterior of Diner Showing Vestibules Omitted. 
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Probably the most important new feature of the din- 
ing car from a service standpoint is the arrangement of 
the kitchen and pantry. The latter, with a special pantry- 
man in charge, has a sink and soiled dish table, sherbet 
and cream cabinet, and chill boxes for keeping milk, 
cream, condiments, cut butter and fruits. This facili- 
tates the work of the waiters to a marked degree. 

The dining room is lighted by 7-50 watt lamps in the 


Ventilation 


The new combined blower and exhaust ventilator, as 
illustrated herewith, is a distinct step in the progress of 
railroad car ventilation. Although up to the present 
time it has been designed for use in dining cars only, a 
modification of this type can easily be worked out for 
ventilating Pullmans and even coaches. The exhaust 
type ventilator, known as the “Garland,” developed six 
years ago, has proved very satisfactory in ventilating cars 
when the train is in motion, but fails to provide for ven- 
tilation when laying in the station or at other times when 
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Fig. 1. 


Combination Garland Blower Ventilator. 


the train is at rest. Hence, the new blower ventilator 
has been designed to overcome this difficulty. 

The dining car, although not as difficult a ventilation 
problem as the Pullman sleeper, is one of the most 
urgent in all car ventilation. It is a foregone conclusion, 

that the place where we eat should be clean and fresh, 


but the smudge and smoke from the kitchen continually . 


militate against this, and where no blower ventilation is 
provided and the cooks begin operations two or three 
hours before the train leaves the station, this may become 
a very objectionable feature. Moreover, in many cases 
the negro waiters sleep in the dining room and by the 
time the car is picked up next morning the air has become 
foul and, unless an effective system of ventilation be 


provided, is most offensive to the passenger entering the 


diner for his breakfast. 

The combination blower and exhaust ventilator is a 
very desirable supplement to the standard ventilators. 
Its construction is shown fairly well in the accompany- 
ing diagram, although being made up very largely of 
curved surfaces, it is difficult to represent diagramatic- 
ally. It should be noted that the new ventilator com- 
bines the action of a blower exhaust with that of the 
standard Garland ventilator: without interfering with, or 
reducing the action of either type. As a matter of fact, 
the current of air driven through the ventilator while the 
car is standing still, actually induces an added flow of 
air through the unrestricted opening of the Garland type 
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center deck and 24-15 watt tungsten lamps .on side 
brackets as shown in the occompanying illustration. 

The kitchen is also lighted by 3-50 watt units, these 
being placed in a row down the center of the ceiling as 
shown in the accompanying illustration. 

Satin finished Holophane reflectors are also used here, 
and 60 volt straight storage equipment is provided for 
electric lighting. 


of Diners 


ventilator. This increases the efficiency of the blower 
about 15 per cent. 

This is accomplished by means of a curved lip, shown 
as a dotted line in Fig. 2, which, as the exhaust from 
the blower is driven against it, creates a whirling motion 
in the exhaust, which draws the air through the opening 
above. 

When the train leaves the station, the ventilator begins 
to act and increases the blower exhaust, but upon reach- 
ing critical speed of the generator equipment, the motor 
of the blower is automatically cut off and the blower 
ceases operation. Thereafter, however, until the next 
stop, a very effective ventilation is maintained by the 
Garland ventilators. Upon slowing down at the next 
stop, when the automatic switch opens, the blower will 
immediately become operative and will continue to work 
until the train leaves that station and again attains critical 
speed of the generator equipment. 

It will be noted from the accompanying table of ex- 
haust values, that each blower ventilator unit alone, in 
both kitchen and dining room, exhausts 33,000 cubic feet 
of air per hour, a total of 66,000 cubic feet for the whole 
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Fig. 2. Showing Position of Blower. 

car. This is sufficient to maintain a fairly good ventila- 
tion, when the car is at rest. When the train gets up 
to a speed of 50 miles per hour it should be noted that 
with the standard Garland ventilators 140,000 cubic feet 
per hour are removed from the dining room and. 100,000 
cubic feet from the kitchen, a total of 240,000 cubic feet 
of air removed per hour at that speed. 

Although the capacity of the kitchen is only 600 cubic 
feet, while that of the dining room is 2,600 cubic feet,, 
there are 5 exhaust ventilators installed in the kitchen, 
while there are but 7 in the dining room. This provides 
that there will be a constant flow of air toward the 
kitchen, so that the kitchen odors cannot enter the din- 
ing room. 
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The blower in both kitchen and dining room is mounted 
as shown in Fig. 2. In the dining room, however, this 
is placed directly over the passage way in front of the 
buffet and ventilates from a decorative screen located 
in the arched panel over the passage way. This being 
placed midway between the dining room and kitchen, 
prevents gases which may not be caught by the kitchen 
blower from reaching the dining room. 

The blower as employed in this unit is a special rail- 
way car ventilating blower, manufactured by the B. F. 
Sturtevant & Co., and is designed so that both motor and 
bucket wheel may be easily removed for inspection and 
cleaning. A packed bearing is being designed to replace 
the oil-cups shown in the accompanying illustration. 

The facility with which the bucket wheel may be 
cleaned is an important consideration in every dining car 
ventilating system, for the exhaust passing through the 
blower is heavily laden with greasy steam and particles 
of carbonaceous matter which collect on the bucket 
wheel. 


Result of Tests. 
Dining room equipped with 7 Standard Garland Exhaust 


Ventilators, train running. 
Time in whch 

Speed-Miles No.of Exhaust Cu. Ft. No. oftimesair air is completely 
Per Hour Vents Per Hour changes per hour changed 

25 7 70,000 26.95 2.29 : Tithe 

30 7 84,000: 32.25 1.86 

40 7 105,000 40.38 1.48 

50 7 140,000 53.85 d11 


Average air capacity of dining room is 2600 cubic feet. 


Kitchen equipped with 5 Standard Garl and Ventilators, 
train running. : 


Time in which 


Speed-Miles No.of Exhaust Cu. Ft. No. of times air air is completely 
Per Hour Vents Per Hour changes per hour changed 
25 5 50,000 83.33 .72 minutes 
30 5 60,000 100.00 6 
40 5 75,000 125.00 48 
50 5 100,000 166.66 36 


Average air capacity of kitchen is 600 ‘cubic feet. 


Auxiliary Blower Alone. 


No. of times Time in which air 


Cu. Ft. of air drawn is completely 


air changes 


es out per hour per hour changed 
In Dining Room....33,000 12.7 4.7 
In <Kitchen eon 33,000 55: 1.09 


A NEW CABLE JUNCTION BOX FOR HIGH TENSION 
TRANSMISSION CIRCUITS. 

A new type of cable junction box suitable for the in- 
ter-connection of high voltage feeders and mains is 
shown in the accompanying illustration. This is the 
first high voltage junction box made in this country, we 
believe. It will be noted that the flexible leads which 
project through the sides of the box are so arranged as 
to terminate within the large removable nipple. These 
nipples have a rounded or dome-shaped end made en- 
tirely of soft metal such as lead or lead-tin alloy. This 
dome-shaped portion is united with that portion of the 
nipple which is of brass or other rigid material by an 
exceedingly strong and absolutely water tight joint. The 
leads are connected to the outermost contact points of 
each row of disconnecting switches, the innermost point 
being connected to bus-bars, giving the desired inter- 
connecting arrangements. 

The exposed live parts—that is, those shown in the 
cut, are isolated in cells of porcelain so that the dis- 
connecting blades can be inserted or removed perma- 
nently fastened in a metal framework, which, in turn, is 
fastened to the box, in such a manner that a chamber 
is formed between the framework of cells and the bot- 
tom and sides of the box. 

This chamber, after the carrying parts that enter it 
are put in place and insulated with tape. when desired. 
and after the moisture has been removed hy the heat and 
vacuum process, is filled with a hot insulating compound. 
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Insulating stuffing boxes prevent the compound from 


oozing out along the flexible leads when the box again 
warms up under working load. The concealed current 
carrying parts of this box are, therefore, assembled and 
insulated before the box is sent out from the factory, 
where the work can be done with the greatest care by 
operators skilled in that particular work under expert 
supervision. 

In order to make the cable connections, all that is 
necessary, is to unbolt the nipple from the box, cut off, 
with a saw or jack knife, the dome-shaped end of the 
soft metal portion of the nipple and, after threading it 
over the table, joint the conductors to the insulated flex- 
ible lead. After this the nipple can be replaced, the joint 
wiped and the space within the nipple filled with hot 
OZITE insulating compound. The connection is then 
complete. 


New Cable Junction Box, 


These boxes have been used considerable quantities 
on circuits of 4500 volts working pressure for a period 
of nearly two years with satisfactory results. In other 
installations they are operating at 5000 volts. The same 
general design is suitable for still higher voltage. 

An interesting reference to the box and its use in one 
of the largest underground systems in the United States 
(that of the Pacific Gas & Electric Co.) is given in the 
April Proceedings of the A. I. E. E. in a paper by 
Messrs. Lisberger and Wilson. These boxes were orig- 
inally designed to meet the needs of Mr. Lisberger who 
is chief engineer of the P. G. & E. Co., and who co- 
operated with the manufacturer in bringing the design 
to its fruition. 

This box is protected by U. S. Letters Patents and is 
manufactured by the Standard Underground Cable Co., 
of Pittsburgh, Pa. It presents some new and interest- 
ing features which make for greater flexibility and con- 
venience in this class of equipment. 


FURTHER IMPROVEMENTS IN HOLOPHANE. 

A new standard line of high efficiency reflectors will 
be offered shortly by the Nelite Works of General Elec- 
tric Company. The new line will be known under the 
trade name of “Xtraficiency” and will not only be of 
considerably greater efficiency than present standard line 
Holophane reflectors, but are claimed to be the most 
efficient lighting glassware in the world. Electrical Test- 
ing Laboratories, photometric tests will be offered to 
substantiate this statement. In announcing the new line, 
Mr. W. F. Minor, in charge of the efficiency glassware 
sales of the Nelite Works,. said: 

“Now that we are in position to sell every type of 
illuminating glassware, we realize the distinct position 
of each type. At one time, the industry undoubtedly 
lost its head over Holophane—that is to say, the effici- 
ency and ease of installation of our product was such 
that Holophane glass was frequently used in places 


where another type of glassware might have served to it 
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better advantage. The natural result of this over- 
enthusiasm for high efficiency glass led in time to an 
equally erroneous prejudice in favor of opal glass, so 
that today we see many installations equipped with our 
own opal or others which might better have been equip- 
ped with Holophane. 

The new “Xtraficiency” line of Holophane glassware 
will help to define the proper place for each class of 
equipment. Where efficiency is the chief consideration, 
Holophane is without doubt the proper equipment. As 
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decorative necessity or architectural restrictions call for 
more decorative glassware, the opals find a natural place. 
I think that in future we will not see prejudice in favor 
of any particular type of lighting equipment carried to 
the lengths it has been carried in the past, and that the 
glassware selected for each installation will be selected 
with a view to the exact requirements of the case and 
not in accordance with the ready-made arguments of the 
man making the installation.” 


Thermostat Temperature Control for Railway Cars 


A new thermostatic heat regulating device for control- 
ing the operation of the train heating system shown here- 
with, seems to have many points of merit. The rise of 
the mercury column in a thermometer is employed to 
make an electrical contact at a certain temperature which 
allows the current to flow through an electrically oper- 
ated valve. It may be readily operated from any electric 
lighting circuit on a car of the standard voltages and can 


Fig. 1. 


Dissembled Parts of Magnetic By-Pass Valve. 
A. Norway Iron Plunger, Copper Plated; B. Sealed Brass Shell Enclos- 


ing Plunger; C. Valve Connected by Stem to Plunger; 
D. Removable Lifting Coil; E. 


Iron Casing for Coil. 

be used to control the operation of any heating system 
now in use whether high pressure steam, vapor steam, or 
hot water heat. 

Platinum wires are fused into the tube of a standard 
thermometer at various temperatures from 60° to 
74° and plug contacts are provided so that the equip- 
ment may be set to operate at any given temperature as 
shown in Fig. 1. As the mercury in the thermometer 
column rises it makes contact with the platinum wire, 
at the temperature setting of the system. A weak cur- 
tent flowing through this mercury contact inside of the 
thermometer operates either a solenoid valve or a motor 
Operated valve as the case may be, and cuts off the flow 
of steam through the heating coils. There upon the car 
begins to cool off and the mercury column in the ther- 
mometer falls and breaks contact at the temperature set- 
ting of the system. When this occurs either motor or 
Solenoid valve will immediately operate to again turn on 
the steam. 


In this way the temperature within a car may be main- 
tained constantly at any desired point without requiring 
any attention on the part of the train crew. The solenoid 
by-pass valve as shown herewith is designed particularly 
for vapor steam or hot water heating systems. It con- 
sists essentially of a by- 
pass valve, the stem of 
which is connected to the 
plunger of an. électro- 
magnet. This plunger is 
heavily copper plated . to 
prevent rusting and is en- 
tirely incased within a 
brazed brass shell so that no 
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Fig. 2. Regulation Thermometer. 


SECTION THRY BY-PASS VALVE 


Fig. 3. Section Through By-Pass Valve. 


stuffing box is required and there can be no leakage of 
steam or water. The lifting coil B is placed directly over 
this enclosing tube and an iron casting A placed over it 
both for purposes of protection and to provide for mag- 
netic circuit of the coil. The coil is removable as shown 
in Fig. 1. This makes coil maintainance and repairs a 
simple matter. The coil is very substantially made of 
enamelled wire and is not affected by the heat of the 
steam. 


76 


RAILWAY ELECTRICAL ENGINEER 


A Multiple Spring Belt Fastener 


With the greatly increasing number of axle equip- 
ments in service, means and methods of reducing costs 
of operation are becoming of far greater importance than 
in the earlier days when there were but few equipments 
in service. Belt troubles have been one of the big items 
of expense and it is probably true that about 75% of 
all belt trouble is due either to improper alignment or 


Fig. 1. 
eareles work in applying the belt, which causes the belt 
to ride the flanges and be cut.to pieces, or the belt cracks 
at the fastener and tears apart at that point. 

The new spring belt fastener recently developed and 
shown for the first time at the Atlantic City Conventions 
by the Consolidated Ry. Elec. Lt. & Equipment Co., is 
of interest to all operators of axle equipments. Its con- 
struction is clearly shown by the accompanying illustra- 
tion, and it will be noticed it is merely 7 small springs 
holding the two ends of the belt together. By means 
of a screw adjustment, the dynamo is drawn out from 
the truck, until the belt is tight and the ends of the belt 
have separated about 54 of an inch. Any stretch that 
occurs in the belt, is automatically taken up by the spring 
fastener until the ends of the belt get close together, 
when the dynamo is again drawn out by means of the 
screw. A total of 8” stretch is provided for, but it is 
doubtful if so much is necessary, on account of having 
less tension on the belt than formerly, and there being 
less liability of the belt to stretch. The splice is made 
in the form of a V and all the springs are fast- 
ened to one end of the belt in the shop, where a careful 
job can easily be made; here too the holes to receive the 
rivets for connecting the springs to the other end of the 
belt, when it is applied to a car, are punched in a special 


little hand punch which insures that the springs be all 
properly aligned 

The rivets are provided with a barb, which prevents — 
their falling out of the holes, while the belt is being — 
handled or applied. The fact that the rivets are clinched 
on top, leaves no doubt as to the security of the rivets, 
which is a distinct advantage over the method of rivet- 
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Showing New Consolidated Rigid Suspension with Spring Belt Fastener. 


ing, where the clinching is done on the under side of 
the belt out of sight of the operator. 


Since the spring fastener will maintain a uniform belt | 
tension of known value and will also.take up any belt 


stretch which occurs, it becomes unnecessary to have any — 
generator take-up spring. The generator can then be 
mounted on a rigid base and generator suspension — 
troubles reduced to a minimum. 
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Showing Action of Fastener when Passing Between Pulleyall 


Fig. 2. 


It will be noted from Fig. 2 that when the fastener passes” 
between pulleys it retains practically the same belt curv-_ 
ature right at the joint, as when engaging pulley. This is: 
caused by the eccentric position of the fastener and at 
a first glance might be considered as an objection to this” 
type of spring fastener. As a matter of fact, however, 
this is a very great advantage and should tend to pre- 
vent cracking of the belt. All warping and bending, 
as the fastener engages a pulley, is taken up entirely in 
the springs themselves and the belt in the immediate vi- 
cinity of the joint retains practically the same curvature 
at all times whether on the pulley or not. 


pie nce, 


Vol. 4, No. 3. 


August, 1912. 


Aside from its other advantages, it permits the dynamo 
being made rigidly fast to the truck, thus doing away 
with the rapid wearing of moving suspension parts, and 
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at the same time placing part of the weight of the 
dynamo on the end sill, instead of the whole weight out- 
side on the suspension irons themselves. 


Lesson No. VII. 


Installing Axle Equipments 


The methods by which axle equipments are installed 
on railway cars may vary in certain details and the same 
result may be often accomplished in two or three dif- 
ferent ways. By presenting some of the various methods, 
however, it may be possible that our readers will find 
in these some suggestion whereby they may be able to 
simplify their own methods. 


29. 


Truck Run Out and Side Irons Blocked Up, 


Fig. 


The generator is the heaviest part and most difficult 
to install properly. Some roads go to the trouble of 
raising one end of the car and running the truck out 
when it becomes necessary to install a generator and 
suspension, while other roads will not go to this trouble. 
But with six to eight holes to drill into a steel truck, 
the application of a generator and suspension, with the 
car body on the truck, requires some strenuous work by 
three men for about 9 hours. While on the other hand, 
to raise the car and run out the truck takes no more 
than one hour’s time of four laborers. With the truck 
out where the men can work at it conveniently, it should 
not take longer than five hours for three men to com- 
pletely install both generator and suspension. 
point in favor of running out the truck is, that when 
this is done it becomes possible for each gang of three 
men to equip two cars per day. 

For the above reasons it seems advisable for car light- 
ing departments of the various roads to insist on cars 
being raised and trucks run out when it is necessary to 
install a generator with suspension on a steel truck. 


Another 


Mounting Generator. e 

Fig. 29 shows the truck run out from under a car 
with the side irons raised so that the dynamo may be leit 
in position. The suspension loops are applied to the gen- 
erator in the shop and the generator with loops is 
brought out on a two wheeled hand truck, as shown in 
Fig. 30. The planks laying across the track on which 
the truck is run are about the right height to bring the 
generator into proper position. The saddle irons are 
then placed on the side irons and suspension loops with 
spacing rods bolted into place, as shown in Fig. 31. It 
will be noticed that the hole near the threaded end of the 
spacing rod is made oval. This is so that if the suspen- 
sion loops hung in the saddle straps wear slightly, they 
will not bind on, or break the threaded spacing rod. 

Some trouble has been experienced with the holes of 
the suspension loops wearing down and breaking this 
rod, but they are now supplied with a removable bush- 
ing, so that it is only necessary to remove the bushing 
instead of the entire suspension loop as formerly. 


Dynamo Wheeled into Position. 


Fig. 30. 


Whenever it is impossible to run out the truck, or it 
is considered inadvisable to do so, it is necessary to 
remove the generator from the hand truck on whicn it 
was brought from the shop and slide it in bodily under 
the truck on planks. It is then jacked up into place, 
either by jack screws or crow bar with blocking. Sus- 
pension loops are then properly connected as described 
above. 

In bringing the generator from the shop on a two 
wheeled hand truck, it is a good scheme to bolt it 
securely to the truck at each end of both suspension 
loops. Otherwise, in crossing over rough planking be- 
tween trucks the generator may become overbalanced, 


~ 
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and in falling off the truck either hurt some of the men 
or damage itself. It will take all three of the gang to 


properly handle one of these generators on a truck, one 
in front at the handles and two in the rear. 


Bist. 


Fig. 31. Side Irons Connected to Loops. 
Alignment. 

In order for a belt to run true on both axle and 
armature pulleys, the axle of the generator must be 
parallel to the car axle, and the center of the axle pulley 
face must line up with the center of the armature 
pulley face. 

The first step after the generator is hung on the 
suspension is to mount the axle pulley on the car axle, 
so that it will line up with the armature pulley. To do 
this, lay off on the end sill the dimension “A,” Fig. 32, 


by laying a straight edge across the outside face of the 
armature pulley and measuring to the center line of the 
truck. By subtracting half of the armature pulley face 
“B” we get the dimension “C,” from center line of truck 
to the center of the belt in proper position. Then meas- 
ure the distance between hubs and mark a point on the 
axle midway between with a center punch. The axle 
pulley is then set so that the distance from the face of 
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the pulley to the point on the axle, plus % of the axle 
pulley face, equals dimension “C.” 

The next step is to get the generator axle parallel to 
the axle. Measure to the face of the end sill after the 
belt has been applied and brought to proper tension, and 
adjust either end of generator suspension until dimen- 
sion X, Fig. 32, is the same as X’. 

It is usually impossible to measure to the axis of the 
generator, but by measuring from the end sill to face 
of the armature pulley and adding % the diameter of 
the pulley, you can determine X’; then simply by meas- 
uring to the face of the generator housing and adding 


half of the diameter of the housing you can measure 


X and make it equal to X’. 

Another rough and ready method, which is much more 
simple and probably accurate enough for practical pur- 
pases is obtained by simply sighting with the eye and 
moving the axle pulley center in line with the armature 
pulley center. There is a lateral play of 34” of the axle 
in the journals and this must be taken into account 
when lining up in this way. It is necessary to open the 
journal boxes and measure the distance from collar to 
journal on both ends of the axle. It will usually be 
found that the collar is tight at one end and open 34” 
at the other. Figure, then, to set the axle pulley 3%” 
nearer to the open end of the axle. 

The generator is set parallel to the end sill as before. 
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Applying Belt. 

Since the Crescent Belt Fastener’ is probably more 
universally used than any other, we will confine our- 
selves to that particular type, at present; later, however, 
will devote a whole lesson to the subject of “Belts and 
How to Apply Them.” 

After passing the belt over armature axle pulley, 
bring the two ends together, keeping ‘the edges even and 
make the joint tight. The rivets should then be driven 
into the belt backed by a block of wood, so that each 
rivet comes through the belt properly. Then lay the 


joint over the armature pulley and hammer down the 
rivets good. 


The rivets should be tapered slightly toward the joint, 


not away from it. This may open up the joint a trifle, 
but when tension is brought on the belt, the rivets being 
tapered slightly toward the joint will act somewhat like 
hooks and the belt will bear against the entire length of 
the rivet. Whereas, if the rivets are tapered away from 
the joint, the tendency will be for the entire strain to 
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come at the tip of the rivet, which has been bent over in 
applying, causing them to pull right out. 

The rivets should be just long enough to project 
about % of an inch. through the belt for clinching. If 
they are longer than this, these long ends will wear 
down thin in service and tend to cut the belt like knives. 
Rivets of proper length, if tapered slightly toward the 
joint, will give far greater holding power than the long 
rivets tapered away from the joint. 

The axle belt should be cut squarely at both ends and 
to proper length and the fastener applied to one end in 
the shop. This saves considerable time and much more 
satisfactory job can be done on that one end at least. 

Probably one of the greatest causes of failure of axle 
equipments is due to improperly applied belts. A belt, 
carefully put on, will unquestionably run about twice 
as far with half the attention than a belt carelessly 
applied, so that a few minutes more spent in doing this 
job cafefully is a mighty good investment. 

Next month we will take up the subject of “Regula- 
tors. Their Installation, Adjustment and Some Operat- 
ing Stunts.” 

(Lesson to be Continued Next Month.) 


UTILITY EXHAUST VENTILATOR. 
The new Utility ventilator for exhausting foul air 
from the roof of a car which is illustrated herewith 
seems to be of effective design. As the car moves 


through the air at high speed, air currents will be devel- 


oped in the outer ring of the ventilator which will induce 
a flow of air through the exhaust pipe of the ventilator 
as shown by the arrows. This ventilator will operate 
with equal facility whatever the direction of train motion 
be. In fact, even a moderate wind from any direction 
when the car is standing still will effect a considerable 
exhaust through the ventilator. 

This ventilator was designed specificially with the idea 
of eliminating troubles from rain and cinders. It will 


be seen from the diagram that it is practially impossible 


for cinders, dust or rain to get into the ventilator and 


Showing operation of Utility Exhaust Ventilator. 


practical experience as proven this to be the case. 2000 
of these ventilators are being installed as shown in the 
accompanying diagram on some new steel cars being built 
by the American Car and Foundry Co., by the [llinois 
Central. 

Ventilators are made in all sizes and special lamp jacks 
for oil and gas lamps are interchangeable with the older 
types. They are found to be especially advantageous in 
this service as they keep out both water and cinders 
very effectively. 

This ventilator is made by the Railway Utility Com- 
pany of Chicago. 
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A. I. TOTTEN GOES TO BRAZIL. 

Mr. A. I. Totten, well known among the railroad men 
as manager of the railway power sales of the Chicago 
office of the General Electric Co., has just accepted the 
position of Assistant in Charge of Mechanical Affairs of 
the Brazil Railway Co., with headquarters at Sao Paulo. 
Brazil. This position corresponds to that of Assistant 
General Superintendent of Motive Power in this country, 
and Mr. Totten will have direct charge of all electrical 
matters on the railroad. 

The place he is going to is of about the same latitude 
in the southern hemisphere as Cuba, is a place of per- 


A. I. Totten. 


petual summer and of high altitude, 3,000 ft. The 
Brazil Railway operates about 3,000 miles of line. 


Mr. Totten was with the Southern Railroad five years, 


and held the title of Shop Engineer. He then went with 


the Queen and Crescent as Electrical Engineer for two 
years, with the Sea Border Air Line as Electrical Engi- 
neer for two years, after which he entered the employ 
of the General Electric Co., as Manager of the Railroad 
Power Department of their Chicago office. 

He sails August 20 and while all of his railroad friends 
in the middle west and elsewhere wish him the best of 
success, we feel that we are losing a good man and an 
enthusiastic worker in all Association affairs. 

Here’s hoping he won’t stay down there very long. 


Cc. & N. W. RAILWAY GO TO 60 VOLT OPERATION. 


The Chicago & Northwestern Railway are changing 
the last of their headend systems from 110 volt to 60 
volt operation. On August 5, all trains will be equipped 
for operation at 60 volts in accordance with the stand- 
ards recommended by the Association of Railway Elec- 
trical Engineers. 

The new Chicago Terminal of the C. & N. W. Ry.. 
as described in the August, 1909, issue of the Railway 
Electrical Engineer, contains a provision for lighting the 
trains from the station power plant while laying in the 
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terminal. All the station wiring is on a three wire, 110- 
220 volt system. 

The conversion of the train lighting systems from 110 
vole to 60 volt operation therefore has required the 1n- 
stallation of two 50 k.w. motor generator sets 110-60 
volt, which may be operated in connection with the three 
wire system either in series or parallel as required. 


D. & W. MAGNETIC CHUCKS. 
' Among the many labor saving devices which the appli- 
cation of electricity as motive power in railway shop 
practice has resulted in, the magnetic chuck seems to 
be one of the most ingenious. It possesses a very wide 


Magnetic Chuck Mounted on Surface Grinder. 


range of usefulness in holding steel and iron pieces for 
grinding, planing, shaping and milling. It is manufact- 
ured in the horizontal flat bed, verticle and rotary 
types. 
The flat chucks have a horizontal face and are equipped 


with adjustable end and side stops, providing conveng 


ient means for locating and steadying the work on the 
surface of the chucks, 
holding work for grinding, such as file blanks, scale 
blanks, thickness gauges, punches, dies, knives for wood 
working machinery, accurate skins, gibs, or practically 
any work on which it is necessary to grind flat surfaces. 


SPN RE ETT NS eS 


NEW YORK, 243 Canal St. 


RAILWAY ELECTRICAL ENGINEER 


interchangeable, and the construction of the chuck is 


They are particularly useful in’ 


EFFICIENT MANAGEMENT IN YOUR SHOP 
IS USELESS UNLESS BACKED UP BY EFFICIENT MACHINES 


Maximum Shop Efficiency is Obtained by Installing 


ROTHMOTORS ~~. 


And bringing your equipment upto a high standard of economical, 
reliable operation. 


Blowers—Grinders—Polishers 


ROTH BROS. & Co. 


1388 W. ADAMS ST., CHICAGO 
PITTSBURGH, 1415 Keenan Bldg. 
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Thin stock can be held for grinding on one face without _ 
the distortion due to clamping the edges. 

Milling operations can be performed with great facil- 
ity where the shape of the work is such that the end stop — 
of the chuck can be raised to take part of the thrust. — 
When used in this way the smallest flat chuck will hold 
a l in. x 2 in. x 6 in. bar of tool steel strongly enough 


Detail of Magnetic Chuck, 


to mill .050 in. off the surface 2 ins. wide with a feed — 
of 1 in. per minute. i 

The rotary chucks are especially adopted for grind- 
ing pistons, and piston rings to fit the ring grooves with 
the utmost accuracy. j 

The magnet coils are wound with Deltabeston Wire, 
having a special heatproof insulation of pure asbestos. 
This insulation can safely withstand temperatures as 
high as 400 Fahr. In addition, the coils are wound by a 
special process which still further protects them from 
heat and moisture. The coils are rigid units which are 


such that they can be readily replaced by any intelligent 
workman. This obviates the necessity of returning the 
chuck to the factory in case of injury. 

These chucks are both oil-proof and water-proof and 
are equipped with demagnetizing switches for readily 
releasing the work. cree) 


REMY ELECTRIC SALES. 


The Remy Electric Company, Anderson, Ind., makers” , 
of high power electric headlights for locomotives, sold 
40 equipments to the Rock Island Railroads recently. 


NEW U. S. L. BULLETIN. 

The U.S. Lt. & Htg. Co., distributed a little booklet 
at Atlantic City Convention describing their new type 
S. 1. regulating panel and type C4. lamp regulator. ? 
copy of this booklet will be gladly forwarded to any one 
interested upon postal card request. ; 
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OUR OBJECT. 


The object of this publication is to provide a medium for the 
free interchange of ideas and experience among those identified 
with the operation of electrical apparatus as applied to rall- 
wild epee 

n s mutual exchange of ideas among the men prominent 
{n the field there will result a better understanding aha solu- 
tion of the problems before us and a wonderful inspiration for 
all to greater achlevements. 
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Trial Tests. 

Almost everything that is now used in railroad serv- 
ice, and a multitude of other things that are not, have 
been “tried out” on one or more roads when they were 
first developed. Some of these pass this practical service 
test with flying colors, while others that really have 
considerable merit, fall down miserably. Some rail- 
road men seem to have the idea that when they make « 
test, the sole purpose of that test is to make the equip- 
ment fail if possible. 

Now, there is nothing perfect and nothing under the 
sun which will not fail under certain conditions. While 
this spirit of almost encouraging the device to fail may 
be of actual service in showing up its weak points so 
that they may be remedied, the failure of a single de- 
vice when it is being so tested should not be in any way 
taken as a final condemnation. 

It should not be necessary to fuss and tinker with a 
device on test, but that device should be given at least 
the same inspection and care, yes, and repair, if neces- 
sary, that you would give any similar device in opera- 
tion on your road. Many a good device is in desrepute 
with certain railroad men, simply because it “fell 
down” on a single trial test in which it was given no 
inspection or care whatever, and in which it may have 
been improperly applied in the first place, often times 
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showing gross ignorance of the device or carelessness 
on the part of the installer, or probably both. 

Where it is possible to do so, it gives a much nwre 
correct idea of the operation of any device to test three 
of four, or even a half dozen samples instead of base- 
ing your whole judgment upon the operation of one lone 
sample. 

Give these tests the same care, and for your own in- 
formation, even better inspection than you do your 
standard equipment and you will not only be giving the 
manufacturer a square deal, that’s the least of it, you 
may be assisting in the development of a device which 
will not only better your own s rvice and decrease your 
own operating costs, but those of every other railroad 
in the country as well. 


High Candie Power Lamps vs. Low. 

Since the development of the tungsten units of higher 
candle power, many arguments have been advanced for 
their use in replacing clusters and smaller single units 
at more frequent spacings, both on account of the lower 
first cost, lower maintenance and higher efficiency. 

In railway service, however, there are other considera- 
tions which enter into the problem that alter it mate- 
rially. It is very often necessary to light small shops, 
stations, yards, etc., in outlying districts, which are far 
from any store house, and where high wattage lamps 
are used in place of clusters, it is not usually considered 
advisable to have a reserve supply of the larger and 
more expensive lamps on hand. Then when one of 
them burns out it will leave a considerable shop area 
in darkness and this will not be taken care of until an- 
other lamp is received from the store house, which may 
take a day or two. With three or four light clusters used 
in such places, a burn out of one lamp will not materially 
affect the ilumination, and these burnouts can be re- 
placed periodically by the electrician from headquarters. 

In railroad practice it would then seem that the ques- 
tion resolves itself into one of reliability rather than one 
of economy in first cost or economy in maintenance. 
Where it is possible to maintain a supply of high candle 
power lamps on hand at all times to immediately replace 
bournouts as they occur, the higher power lamps are 
generally to be preferred, but in the many shops, round 
houses, stations, etc., in remote districts, three or four 
light clusters will probably give much more reliable 
service than the same wattage in a single high power 
lamp. 


Clean Lighting Fixtures. 

The importance of keeping lamps and reflectors clean 
is emphasized very strongly in the paper by Mr. C. E. 
Clew-ll entitled “Industrial Mlumination” which is pub- 
lished in this issue. ; 

This shows a reduction in illumination in one type 
of building of 50% in 24 days. This is for large shops 
with open girder type roof construction, and no ceilings. 
With other types of shops which have ceilings either low 
or high, the effect of dirt accumulation on lamps and 
reflectors seems to be somewhat less. This however, is 
about what. would be expected, for with the open girder 
type roof construction, where there is no ceiling above 
the lamps, all the effective illumination downward must 
come direct from the light unit or reflector itself, and 
any collection of dirt thereon will greatly influence the 
efficiencv of the lighting system. Any comparatively 
light ceiling which acts as a background for the lighting 
unit becomes an important factor in producing effective 
illumination on the floor. Dirt accumulates more slowly 
on ceilings than it does on lamps or reflectors, and the 
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intensity of light reflected per unit of area is very much 
less, so that that part of the effective illumination which 
is due to reflection from the ceiling remains more con- 
stant than that from the lighting unit itself. 

Assuming a power cost of 2c, and cost of cleaning a 100 
watt lamp with reflector at 3.c and 8 hours of light- 
ing per day, curves are deduced which show that in high 
shops, where there is considerable dust and no ceilings, 
lighting fixtures should be cleaned every 12 days. In 
factories or shops with medium high ceilings, every 16 
days, and in shops and offices with fairly low ceilings 
Zo days. ; 

In erecting shops where the lighting units must be 
placed so as to clear the traveling cranes, the matter of 
cleaning might be considered a rather difhcult and ex- 
pensive one as the lamps are often cleaned from the 
cranes. Recent developments in lamp hangers specially 
designed for tungsten units have been made, however, 
and these operate without any jar, lowering the lighting 
unit right down to the shop floor, where both lamp and 
reflector can be properly cleaned. 

Judging from the way things look at the present writ- 
in gour Fifth Annua IConvention is going to be the big- 
gest and best Convention in the history of the Associa- 
tion. 


Convention News. 


Secretary Andreucetti reports that there will be some 
excellent committee reports made, and in addition, there 
will be some good papers presented by some of the lead- 
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ing authorities in their respective lines. One of these 
is to be a talk on the general subject of electrification 
by Frederick Darlington of the Westinghouse Electric 
& Manufacturing Co. Mr. Darlington has given a great 
deal of study to the subject of eelctrification, and is one 
of the best qualified men in the country to speak on this 
subject from a general point of view. 

Entertainment. 


The Entertainment Committee have planned a full 
week of entertainment for the ladies which is briefly 
outlined as follows: 

Monpay, Octoser 21. 


8:30 P. M.—Informal Reception and Dance. Assem- 
bly Hall, 9th Floor Auditorium Hotel. 
TuEsDAyY, OCTOBER 22. 

2:30 P. M.—Automobile Tour about the City... Tour 


will start from the Auditorium oHtel at 2:30 sharp, and 
all ladies holding badges are invited. 
8:30 P. M.—Ladies’ night for viewing Exhibits. 
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WEDNESDAY, OCTOBER 23. 

2:15 P. M.—Matinee Theatre party for all lady guests 
of the Convention. 

8:30 P. M.—Some special entertainment stunts. 

THURSDAY, OCTOBER 24. 

7:00 P. M.—Fifth annual banquet in the Gold room 
of the Congress oHtel. This is the finest banqu’t hall 
in Chicago, and George Porter, Chairman of the Enter- 
tainment Committee tells us that he has arranged with 
Mr. Frederick P. Vose to act as toastmaster. We all 
remember what a star performance he gave us last year, 
and now that he is an old friend of ours we feel safe in 
saying that anybody who misses this annual banquet will 
be passing up one of the best laughs of his life. 

After the eats and the toasts the deck will be cleared 
for action, and the annual ball of the Association will 
occupy the rest of the evening. 

Exhibits. 

Last year we didn’t have enough space to accommodate 
all exhibitors, so this year we have had to move to larger 
quarters. We have reserved the big exhibit hall on the 
Oth floor of the Auditorium Hotel, and will have about 
25 per cent more space than last year. This is shown in 
the accompanying layout, and space is awarded at 45c 
per square foot. Communications regarding same 
should be addressed to Mr. W. F. Bauer, Chairman Ex- 
hibit Committee, 1013 Peoples Gas Bldg., Chicago. The 
Convention Assembly hall is immediately adjoining the 
exhibit room as shown in the accompanying diagram. 

Better mark your calander and lay your plans now to 
attend this Convention. This is the big time of the year 
for the electrical departments of the railroads. 
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Shop Motor Talks. 

Beginning with this issue we will publish in our shop 
section a series of motor talks going into the fundamental 
principles of some of the more important types of motors 
so that the men having these motors in charge may have 
more than a superficial understanding of their operation. 
It is a good thing to know why it runs and to understand 
characteristics in order to know in advance how a motor 
should act under certain conditions, and what kind of a 
motor is most suitable to perform certain duties. 

The series will cover the principles of. the various 
types of motors, both alternating and direct current and 
a description of the necessary controlling apparatus for 
each type. . 

The A. B. C. Car Lighting Series seemed to meet with 
such hearty approval among the car lighting men, that 
we feel that it will be well to extend this car lighting 
course so as to cover the shop motor field also, in the 
belief that many will be interested in that phase of the 
subject as well as car lighting. 
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New Diners for Illinois Central R. R. 


The order of 114 new cars for the Illinois Central 
Railroad as reported in our 1912 issue are now being 
received by that company in lots of about a dozen week- 
ly. One of the new diners is illustrated herewith, and 
it should be noted embodies the most improved type of 
construction in every detail. The car is electric lighted 


Fig. 1. 


throughout, no auxiliary being supplied. The type of 
fixture used is one of artistic lines and of very recent 
design. In the paper presented by Mr. L. Schepmoes of 
the Safety Car Heating and Lighting Company, before 
the semi-annual convention of the Association of Rail- 
way Electrical Engineers at Atlantic City, this fixture 
was considered one of the most artistic and efficient of 
any of the modern types. 

A special Holophane prismatic reflector is used with a 
prismatic distributing bowl closing up the bottom. These 
are both mounted in a substantial and artistic bronze 
casing, and are both arranged so that they can be easily 
installed or removed. 

The dining room is lighted by 5 large units in the cen- 
ter of the ceiling as shown in the accompanying illustra- 
tion, and there are 10 small side bracket units each con- 
taining a 15 watt tungsten lamp placed over each table. 
These small units are of the same design as the larger 


Night Illumination in Diner, 


_ fresh air to breathe. 


center deck units both in reflector, prismitic, bowl and 
metal parts. They seem however, to be of a slightly 
more squatty form and hardly retain the same grace- 
ful lines which are so pleasing in the larger unit. More- 
over, the position of the lamp is so near the wall, about 
5 in., that a large amount of light from these units is lost 


Note Arched Type Roof Construction. 


on the art glass and window curtains. They are presum- 
ably intended for general effect, rather than real illumin- 
ation, and in this they serve the purpose fairly well. 
The car is of the arched roof type construction which 
gives one an impression of plenty of room and good 
In speaking of air, there are eight 
Garland ventilators in the ceiling of the dining room, 
these being of the new arched roof type design, and re- 
move over 120,000 cubic feet of air per hour when going 
at a speed of 40 miles. Each ventilator is equipped 
with a damper so that the exhaust may be regulated at 
will. There is another ventilator of this same type in 
the pantry. The kitchen however, is ventilated by a 
simple inclined trap door opening in the roof, which 
may be tilted up at either end so that the motion of the 
train through the surrounding air will draw out all foul 
gases and smoke from over the stove. Two 12 in. fans 
are here suspended from the ceiling and direct a con- 
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tinual exhaust through this trap, so that it will be opera- In no case did these readings at any one point vary more 
tive even though the car is standing still. than 3. of a ft. candle. Lamp voltage was 29 volts 

The car is of steel construction throughout except 
for the finish of the dining compartment which is in 
light mahogany, and the ceiling is finished in a light 
buff cream. All fixtures are finished in verde antique, 
and the fans, locker handles, ventilator gratings, etc., 
all harmonize with it. 

The fans are of the latest General Electric railway 
car type with 12 in. blades, and are equipped with a re- 
movable base so that they can be readily removed. It 
is only necessary to loosen one screw in order to remove 
the fan in the winter time, and this leaves a rather artis- 
tic looking rosette which is set permanently into the car 
panel, 

The motor is completely encased, and a small hand 
hole is provided over the brushes for inspection and re- 
pair. The fan is mounted in a fork so that it can be 
tilted at an angle if desired, and this fork is set into 
the fan base on a heavy bolt secured to the bottom by 
a lock nut. 

In addition to the six 50 watt, and ten 15 watt lamps, 
there are twenty 15 watt lamps installed in the hall, 
kitchen, pantry and refrigerator. 

A Gould axle lighting equipment with Simplex regu- 
lator type B generator and their new locker panel as 
shown in Fig. 2, and 25 cells of A. 8 H. Edison Storage 
Batteries of 300 ampere hour capacity, light the car. 
The lighting circuit panel with both lamp regulator and 
machine regulator panels is mounted in a special locker 
as shown in Fig. 2. This is a very convenient arrange- 
ment and simplifies both wiring and wiring troubles 
very materially. With this panel the only wiring be- 
low the car consists of three wires which run to the gen- 
erator and two to the battery. 

An illumination test was made using a small hand in- 
strument, and although results are not absolute they are 
good enough for purposes of comparison. Readings 
were taken at the center of each table 34 in. above the throughout test. The results of this test are given in 
floor, and three readings were taken at each setting. the accompanying diagram and illumination ‘curves. 


Fig. 2. New Gould Locker Panel, 


70 Kitchen 


Fig. 3. Plan of Car, Showing Lamps and Test Stations. 
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Fig. 4. Dlumination Curves on Tables. 
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New Rock Island Battery House. 


The Rock Island Lines have just completed a new 
battery house at their Chicago coach yards which is an 
example of the best and most approved practice in bat- 
tery house construction. There are at the present time 
326 axle equipments in service on this road, of which 
an average of 88 cars per day are handled in this yard. 
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Fig. 1. Battery Charging Switchboard. 


Power for battery charging is received from the new 
power station described in our March, 1912, issue. This 
comes as a 110-220 volt d. c. three wire circuit and 
passes first through an underload-overload I. T. E. cir- 
cuit breaker as shown in the upper left hand corner of 
the in Fig. 1. 


The wiring diagram of the board is clearly shown in 
Fig. 5, and it should be noted that the current flowing 
in any of the two circuits can be measured on a single 
ammeter. This is effected by the double throw switches 
in panels 1 and 2. Similarly the voltage of an indi- 
vidual car can be read by pluging in voltmeter terminal. 


Fig. 2. 


Battery Charging Rheostat, 


It is possible to charge a single car or two or three or 
four cars in series, no matter where they are located in 
the yard at either 110 or 220 volts as may be required 
This is also accomplished by plugging in loop conductors 
on the face of the board at the proper positions as shown 
in the wiring diagram, Fig. 5. 

Method of detecting grounds on either side of the 
circuit is shown in the diagram, Fig. 4. 


The connections are as follows: 

For circuit voltage, plug 1 and leave 2 and 3 open. 

For ground on negative, plug in circuit to be tested 
on 2, short on 3 and open 1. 

For ground on positive, plug in circuit to be tested 3, 
short 2 and 1 open. 

Allen Bradley rheostats are used for controlling the 
battery charging current and these, as shown in Fig. 7, 
are neatly mounted on the back of the board and take 
up very little space. A detail of these rheostats is 


shown more clearly in Figs. 2 and 3. They are of the 


well-known carbon pile type, the resistance of which is 
varied by changing the compression on the pile. All 
operators of axle equipments know that carbon discs 
will oxidize in time, and if the current passing through 
them is heavy so that there is considerable arcing and 
the carbons heat, disintegration may be very rapid. 

To obviate this, the carbon piles in these rheostats are 
encased in air-tight steel tubes. These prevent the 
oxygen of the air from coming in contact with the 
heated carbon discs, so even though there be consider- 
able arcing and heating of the discs, there will be prac- 
tically no disintegration from this source. 

The manufacturer, Allen Bradley Co., Milwaukee, 
claims these rheostats will operate satisfactory at 500 
degrees F. They are designed to absorb 2000 watts, 
but as a matter of fact on a trial test lasting 5 hours, 
they consumed 2,800 watts without any apparent dam- 


Fig. 3 Carbon Discs Used in Rheostat. 


age. This was an overload of 40 per cent. The tem- 
perature of the tubes on this test was 650. 

The advantages of this resistance unit are very evi- 
dent when one compares the back of this board with that 
of older types on which the resistance elements, con- 
sisting of iron grids, were, on account of their bulk, 
usually placed in a gallery above the board with a mul- 
titude of conductors leading down to contact points on 
the switchboard. 
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Fig. 4. Ground Test Connections. 
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Fig. 5. 


There are two 10 in. fans on the floor directly below 
each vertical row of resistance elements and these fans 
direct a cooling blast of air upward, which will cool off 
the resistance units rapidly and permit of their working 
‘continually at a considerable overload, where necessary. 

Small short circuiting plugs may be seen in certain 
teceptacles on the switchboard. It will be noted from 
following out certain wiring connections of Figs 


RAILWAY ELECTRICAL ENGINEER 


that where circuits are not_placed in series on the board, 
a short circuiting plug must be placed in one of the re- 
ceptacles. 


There are 32 yard charging circuits with an average 
of four boxes per charging circuit, making a total of 128 


Fig. 6. Interior of Battery House. 
a2 2 Q\Q @ © : 
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TO YARD WIRING 
Wiring Diagram of Switchboard. 


charging boxes. This charging box is of the Pennsyl- 
vania type construction, having a heavy cast iron box of 


an inch thickness with cover .and canopy holding two 


Anderson receptacles. A 2 inch conduit run is installed 
between boxes spaced at 90 ft. apart, and this is laid 


on top of the ground to get away from water troubles. 


The charging boxes are made waterproof with rubber 
gaskets, and they are of such solid construction that 
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when they are run into by one of the supply trucks, as 
occasionally happens, it is the truck that gets damaged 
instead of the charging box. 

No. 4 rubber covered wire with double braid covering 
is used in all yard circuits. This is smaller than would 
be required if voltage regulation of the line were an im- 
portant feature as in many other yard charging systems. 
In this case, however, the line drop does not affect the 
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Fig. 7. Back of Switchboard, Showing Rheostats. 
operation of the system. Short circuiting plugs are 
chained to each receptacle and these are removed only 
when charging plug is inserted into the receptacle. 

The battery house is divided into two rooms, a switch- 
board room and generator shop, which is 34x37 ft., and 
the battery room proper which is 37x88 ft. Five low 
tables run the entire length of the room, the center one of 
which is equipped with seven charging plug receptacles 
as shown in Fig. 6. Later all 5 tables will be similarly 
equipped. These charging receptacles consist of a 2 in. 
Crouse-Hinds condulet with two special sleeves screwed 
into each end to accommodate the Anderson receptacles. 
These are mounted about 2 ft. above the table, and 
3 ft. 6 above the floor and lead wires are carried in a 2 
in. conduit run located beneath the bench. All re- 
ceptacle boxes and conduit are thoroughly coated with a 
thick layer of petrolyte, the sealing combination used in 
lead lined tanks. Before applying the petrolyte, the 
conduit was heated with a blow torch thoroughly, and 
hot petrolyte then painted on. After cooling, the surface 
of the petrolyte was evened up and made smooth with 
a torch. This will probably protect the iron conduit 
and condulets from acid corrosion perfectly. 


Vitrified bricks with asphaltum filling are used for 
battery floor. These are embeded in a 2 in. layer of 
sand with a 6 in. layer of concrete below. 

At the further end of the room, as shown in Fig. 6, 
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is installed the washing apparatus. Batteries to be 


washed are brought in from the elevator, which lowers 
them from the level of the track elevation; the elements 
are removed from the jars, and separators taken out. 


Fig. 8. A Battery on Charge. 

If the plates are at all buckled, spacing blocks are in- 
serted and they are then straightened out under an air 
press. This is an 8 in. cylinder, which, with air at 80 
lbs. pressure, gives approximately 3,000 Ibs. pressure on 
the plates. The old electrolyte is then carefully poured 
out of the jars so as not to disturb the sediment on the 
bottom of the tank which is then scraped into the bar- 
rel shown in the foreground of Fig. 9. 

A novel air spray water fountain as shown in Fiy. 9 
is used for washing out the tanks. Small holes are 
drilled into the upper side of a 34 in. pipe frame which 
is made into two small squares about 8 in. on a side so 
as to accommodate each tank of the double compart- 
ment. 

The water is then turned on with air pressure of 100 
lbs. through an injector like arrangement. (Fig 9.} 


Washing Table, with Fountain Over Tank in Foreground, 


Fig. 9. 


This, blowing out through the multitude of tiny holes, 
gives a washing spray of high velocity going in all di- 
rections, as each hole is bored from a slightly different - 
angle. This washing spray is far more effective than a 
single stream of water. 

This washes the tanks out clean and all sediment in 
the water is collected on passing through a series of 
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three sediment tanks, one tank overflowing into another, 
and that into a third. Most of sediment is caught in 
first tank which is easily cleaned. 

After the battery tank or jar is washed out inside by 
the spray, the grease and acid corrosion which collect 
on the rollers and tanks are cleaned off by means of a 
spray of live steam at full boiler pressure. This is hot 
and wet and comes with terrific force so that it 1s a 
mighty. effective cleaner. An air blast is then turned 
on which blows off any remaining drops of water and 
dirt from the surface of the tank, and as the tank 1s 
rather warm after its steam bath, the drying process fs 
quickly over. 
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Two men with this equipment can clean four tanks 
in three minutes. 


For making capacity tests on batteries after they have 
been cleaned and placed on benches, a truck is equipped 
with a small switchboard containing a lamp bank and 
instruments so that it can be wheeled right up to the 
battery on the bench and connections made without any 
permanent installation of testing circuits. 


Acid for filling batteries is handled by means of a 
compressed air tank mounted on a truck together with 
the acid tank. 


Industrial Illumination and the Average Performance of 
Lighting Systems.” 


By C. E. Clewell. 


Illumination in the past has been looked upon largely 
as an accessory. Modern illuminating engineering, 
however, is concerned with the adaptation of the aval- 
able types of lamps to certain supply circuits, to various 
classes of service, and to given conditions of building 
construction. 

A few years ago the older type of arc lamp and the 
carbon filament lamp, typifying a large and a small 
unit, covered the range of types of lamps available 
for illumination work in the industries. This limita- 
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tion in candie-power has gone through an evolution 
by the introduction in more recent years of the en- 
closed arc, the open flame-carbon arc, the metallic flame 
arc and the long burning flame carbon arc lamp, as 
improvements on the original arc lamp; and the metal- 
lized filament, the tantalum and the tungsten lamp, 
as improvements on the original filament lamp. The 
Moore tube, the Nernst and the mercury vapor lamps 
are also available as new types. 

The candle-power values of these various lamps 
are shown in Fig. 1 where, in an approximate manner, 
the average mean spherical candle-power values of 
all types, both old and new are indicated. Fig. 2 shows 
the over-all dimensions of the various lamps, from 
which it is apparent that the dimensions for given 


*A paper presented at the 29th Annual Convention of the American 
Institute of Electrical Engineers. Boston, Mass., June 28, 1912. 


candle-power values have been modified by changes 
in design. i | a 
Re-directing the light where most useful should be 


included in development of high efficiency lamps as _ 
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additional to the matter of total light flux per watt. 
The growing tendency to rate electric lamps accord- 
ing to the effective illumination produced on the work 
rather than in terms of the watts per mean spherical 
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candle-power is evidence that this item will probably 
be included in the considerations of lamp efficiency 
more in the future than in the past. 

Quantity of light is no longer the sole criterion of 
excellence, but its uniformity over the work, diffusion, 
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adequate intensities on the sides of the work, absence 
of glare, color values and similar items are now given 
an importance almost if not equal to mere satisfaction 
in the matter of vertically downward intensities. 
Shop work generally speaking may be grouped into 
work on a horizontal plane, as bench work of some 


TEST RESULTS ON TUNGSTEN SYSTEMS WITH GLASS REFLECTORS. 


Efficiency values* Fairly Medium Fairly 
high Low high high 
Conditions of test Low factory factory factory factory 
office office space space space 
||. 03) re Light Light Dark Light None 
UO Light Light None Light Dark 
Lamps ...... .| 60-W Cl | 60-W. Cl. | 100-W Cl} 100-W Cl] 100-W Cl 
{ Reflectors. . ; I-60 SF 1-60 Cl. I-100 Cl. | I-100 Cl. | F-100 Cl. 
Class of work.:... Desk Desk Machines | Bench Bench 
Time between Sasihitter ; 14 weeks | 17 weeks | 9 weeks 11 weeks | 13 weeks 
Results Efficiency jin per cent 
Soiled lamps 19 7 24 2 22 4 25 20.1 
Soiled reflectors 
j Clean !amps 207 24 9 22 5 27 23.6 
‘| Soiled reflectors 
Clean lamps 341 29 3 31 2 35.3 33.6 
Clean reflectors 
New lamps 341 31 2 319 36.1 39 1 
| Clean réflectors 


*All efficiency values corrected for normal lamp voltage. 
Fig. 4. 


kinds, which, in the main, requires only downward 
illumination; and other work as that included under 
machine tool operations, foundry moulds, rolling mills, 
assembly, and the like, where, in addition to vertically 
downward light, side components effective on verti- 
cal planes, as well as shadow elimination, play an 
important part in the excellence of results. 

The height of ceiling, roof or trusses limits in a very 
Jarge measure the size and type of lamp to be employed. 
Experiment and usage demonstrate the disadvantage 
of using very large lamps for low ceilings, while lack 
of economy prohibits the use of small lamps for high 
areas. In former years arc lamps were used for low 
factory bays, while in some extremes no appreciable 
general illumination was possible due to the absence 
of sufficient clearance between cranes and ceiling for 
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The Effect of Dirt Accumulation 


an arc lamp. In like manner very high bays have been 
inadequately lighted due to the lack of lamps posses- 
sing sufficient candle-power and suitable distribution 
characteristics, Today, however, lamps of enormously 
greater candle-power and more suitable distribution 
are available for the higher areas, while lamps with 
corresponding advantages are available for low areas. 
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Open spaces simplify the problem by permitting the 
use of lamps spaced comparatively far apart, while 
the interference of belting calls for a type and ar- 
rangement of lamps which will provide diffusion, so 
as to reduce the shadows ordinarily produced by belts. 
In an atmosphere filled with dust and dirt a penetrat- 
ing light should be employed, and in spaces of the 
latter class the maintenance is apt to be greatly in- 
creased with the rapid accumulation of dirt on the 
lamps and reflectors. 


Illuminating Factors, 
The spacing distance of lamps is a first consideration. 


. Experiments have shown, for example, that in certain 


office locations with moderate ceiling heights, a spac- 
ing distance not exceeding 7 ft. 6 in. is most advan- 
tageous. This results in a uniform illumination on 
the desks if the proper reflectors are used, and the 
light from a sufficient number of sources thus secured 
insures a diffusion of the resulting illumination. The 
directional features of the light are furthermore far 
superior to those cases where larger spacing distances 
are employed. 

The spacing also governs the size of lamp to be 
used. As an illustration, whether one 250-watt or 
four 60-watt tungsten lamps are to be installed for a 
given area will be influenced largely by the desired 
directional features of the light. 


tte 
LOW FACTORY, SPACE 
SOLID CEILING 


Gass REFLECTORS 
| 


eA 


at 


INTENSITY IN FOOT-CANDLES. 


24 0 42 
ELAPSED TIME IN DAYS 


Fig. 6. The Effect of Dirt Accumulation. 

The mounting height should be determined on a basis 
of the avoidance of glare and of the ease in getting 
at the lamps for maintenance. The lamps should be 
mounted high enough to be out of the line of vision, 
and where the ceilings are too low to admit this, 
lamps of small size should be selected to reduce the 
quantity of light flux which enters the eye or is effec- 
tive thereon when looking into any lamp. Fig. 3 
shows the effect of height on the directional qualities 
of the resulting illumination on the working surface. 
The illustration shows graphically the need of closer 
spacing to maintain a given minimum shadow effect 
for the ceilings. 


Heretofore the measure of illumination efficiency, 
if it may be so called, has been changed in turn from 
watts per square foot required to furnish presumably 
satisfactory light; to lumens per watt (or foot-candles 
per watt per square foot); and finally to efficiency or 
the utilization of the total light flux of the lamps. The 
latter is a measure of the total losses from all causes, 
such as absorption by globes or reflectors, by dark 
ceilings and walls, as well as by dust, dirt, belting, 
or other obstructions, and therefore adapts itself in 
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an excellent manner to practical usage. One other 
feature should be noted in connection with the eff- 
ciency, namely, the importance of considering aver- 
age performance, in distinction to results obtained 
when lamps and reflecting devices are new and clean. 

The need for data on the average performance of illu- 
mination systems has been felt for some time. With 
the view of meeting this need, and also for the pur- 
pose of establishing some certainty regarding the 
various factors involved, extensive tests have been 
conducted during the past year, and the results of the 
same are now herewith presented for the first time in 
the hope that they may furnish useful information on 
this important phase of illumination system, and also 
serve to further additional work, thus begun in this 
particular direction. 
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Fig. 7. The Effect of Dirt Accumulation. 

These tests covering 17 weeks work were made on 
the vertically downward (or so-called horizontal) in- 
tensities of the illumination produced by a fairly large 
number of lamps in each location, thus securing a 
more general idea of the changing conditions than 
would likely result from individual tests on single 
lamps or reflectors. By these tests it has been sought 
to establish the actual efficiency of the various illumin- 
ation systems considered, as compared to the theoreti- 
cal efficiency which might be supposed to exist from 
calculation based on candle-power distribution curves. 
Four conditions were chosen as follows: (1) new 
lamps and reflectors; (2) clean lamps which have 
been in service for several months, and clean reflectors; 
(3) clean lamps several months old and soiled reflec- 
tors, ready to be washed in the routine of the plant; 
and (4) soiled lamps and soiled reflectors ready to be 
cleaned. 

Fig. 4 shows the results of these tests and the at- 
tending surrounding circumstances. The value of these 
constants can hardly be overestimated when consid- 
ered in the light of their usefulness in the calculation 
of factory lighting systems, which can thus be based 
on absolute experience. The foregoing notes apply 
to the performance of a system as installed and in reg- 
ular service. 

Depreciation Items. In the calculation of illumination 
systems additional factors must be taken into account, 
namely, (1) the effect due to the operation of the lamps 
at a voltage other than their rating, frequently the 
case in tungsten system; (2) the depreciation of 
candle-power due to the aging of the lamps; (8) the 
depreciation due to surroundings which are fiable to 


become dark; and (4) the effect of dust and dirt accum- 
ulations. 
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The losses due to voltage conditions can readily be 
calculated from the curves showing the variation of 
candle-power with voltage; the effect of age of the 
lamps, although somewhat more uncertain, can be de- 
termined with a fair degree of accuracy from the life 
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curves of the lamps as made by the lamp manufacturing 
companies; tests have been conducted as previously 
referred to, in the determination of the effect of sur- 
roundings on the illumination results. The following 
material has resulted from extended tests on a variety 
of lighting systems to determine the dust and dirt charac- 
teristic depreciation curves with elapsed time of service. 

Figs. 5, 6, 7, 8 and 9 indicate the characteristic 
curves of illumination intensities over a number of 
weeks as the result of the tests, and from these curves 
the very interesting and instructive conclusions may 
be roughly drawn, that under’ average factory condi- 
tions the deterioration of glass reflectors due to dust 
and dirt follows a fairly definite rate of candle-power 
reduction, in as far as conclusions can be deduced 
from the number of cases on which these tests were 
conducted. This reduction as shown in the curves is 
due alone to dirt accumulations on the reflectors, since 
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Fig. 9. The Effect of Dirt Accumulation, 


the new lamps were inserted before each test and all 
observations were corrected to correspond to normal 
lamp voltage. 

The curve sheet shown in Fig. 10 has been derived 
from the deterioration curves. This curve sheet shows, 
for example, that based on the average cleaning cost 
of three cents per reflector, with energy at two cents 
per kilowatt-hour, the integrated cost of light lost at 
the end of sixteen days in one of the cases, is equal 
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to the cost of cleaning. This point (namely sixteen 
days) would then naturally determine the economical 
interval for cleaning reflectors in this particular loca- 
tion, provided always that the reduction in intensity 
at the end of this interval is not below that which is 
necessary for satisfactory vision. It is of interest to 
note that apparently the effect of dust and dirt takes 
place far more rapidly in the first week or ten days 
than during the succeeding weeks. 

Our useful information may be deduced from these 
curves as follows; if, for example, the loss of light 
at the end of sixteen days equals 25 per cent, which 
means, for an initial intensity of four-foot candles, 
there remain, at the end of sixteen days, only three- 
foot candles, the average intensity throughout the 
sixteen day interval may be approximated at three 
and one-half foot-candles, provided the reflectors are 
cleaned once every sixteen days. 
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If an additional sixteen days without cleaning means 
a stu] further reduction from three to two foot-candles, 
the average intensity of the illumination throughout 
the thirty-two days interval may be approximated 
at three foot candles. Hence the cleaning of the re- 
flectors at intervals of sixteen instead of thirty-two 
days, should insure an average intensity of say three 
and one-half instead of three foot-candles, or in other 
words to maintain an average of three and one-half 
foot-candles would require approximately twenty per 
cent more lamps in the installation for a thirty-two 
days than for a sixteen days cleaning interval. 

Necessity for Systematic Maintenance. From the 
foregoing statements the necessity for careful and 
systematic maintenance will at once be apparent. In 
one large system of 10,000 tungsten lamps, the losses 
of light per day due to dust and dirt interpreted into 
money values, that is to say, evaluating the energy 
in watts represented by light wasted through absorp- 
tion by the dirt, to its kilowatt hour cost, amounts 
approximately to $20 per day, or $7,500 per annum. 
If the systems are allowed to go uncleaned beyond the 
economical point, these losses become aggravated. 

In one large shop where extensive installations of 
high efficiency lamps have been under way for nearly 
three years, a summary shows an increase of nearly 
30 per cent in actual candle-power for a 5 per cent 
increase in total operating and maintenance costs. 
This increase of 30 per cent in candle-power in no 
way, however, indicates the enormous improvements 
in the matter of excellence in distribution and refine- 
ments of results; it merely shows what great advances 
have been made in the possibilities of industrial il- 
lumination by the newer types of lamps. 


Motor Talk No. 1 


PRINCIPLES OF THE ELECTRIC MOTOR. 


This series of talks is designed to bring out in a gen- 
eral way the most important underlying principles of 
operation of electrical motors, especially such features 
as bear most closely upon their_adaptability to railway 
electrical applications. This will include motors for 
driving cars, turntables, cranes, etc., but will deal mostly 
with motors for machine tools and similar applications. 

By referring to the “A. B. C. Cur Lighting Series” the 
reader will ‘find the Principles of Electricity and Mag- 
netism very clearly outlined in the first two articles of 
that series. There are certain features of those talks 
we will repeat for emphasis as they are important in 
studying the differences between motors and dynamos. 
In general the action of the two forms of dynamo- 
electric machines is very similar and a knowledge of 
either one makes an understanding of the other easier. 

We know that the space surrounding the tips of a mag- 
net is under a sort of “strain” and that this condition 
shows certain features which we are in the habit of re- 
ferring to as “lines of force” passing from one of the 
“poles” of the magnet to the other. Also, that it makes 


no difference whether we consider a “permanent” magnet 
(such as the “horse-shoe” type so familiar to every boy) 
or to an “electrc-magnet” created by winding wire about 
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Direction ot current flow. 


Direction of screw entering panel. 


The Rule of the Screw Driver 


Fig. 1. 
a piece of iron or steel and passing a current through the 
wire. We also know that if we pass an electric current 
through a piece of copper wire or other conductor that 


92 RAILWAY ELECTRICAL ENGINEER 


a magnetic field its set up in the space surrounding the 
conductor, this being made clear ‘by the “Rule of the 
Screw-Driver,” Fig. 1. If the current flows through the 
wire in the direction of travel of the screw, the magnetic 
lines about the wire will circulate in the direction of ro- 
tation of the screw-driver. This is equally true for both 
directions of flow (tightening or loosening the screw. ) 

Motors, like generators, consist of a set of electro- 
magnets arranged about a space for the armature to ro- 
tate in, this space being the path for the “lines of force’ 
or “flux” between the poles of the magnets. Upon or 
near the surface of the armature are placed the wires or 
bars for carrying the current which passes through the 
armature, and it is the action of the magnetic field set 
up by this current that we will study first. The body or 
“core” of the armature is made of thin plates of soft steel 
in order to provide a better path for the magnetic lines, 
and the reaction between the lines of force passing 
through the armature core from the pole pieces and the 
lines of force set up about the conductors of the arma- 
ture is a very important peculiarity of the electric motor. 

When a conductor is moved through a magnetic field, 
lines of magnetic force form about it and a current flows 
through it, the direction of flow depending upon the 
direction of travel with relation to the path of the lines 
of force. This was brought out very clearly in the illus- 
strations accompanying the description of generators. 

The action in a motor is just the reverse. When a cur- 
rent is caused to flow through a conductor lying in a 
magnetic field, the induced magnetic field about the con- 
ductor causes a reaction between the two magnetic fields 
which forces the conductor to pass out of the original 
field: This will be made clear by reference to the accom- 
panying Fig. 2. 
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WIFE WIRE WIRES 
DEAD. ALIVE. MOVING. 
: Fig. 2. Showing Why a Motor Revolves. 


It will be noted that with the current in the wire 
flowing in a direction away from the observer that tle 
lines of force (really invisible) circulate in what may be 
called a “right hand spiral.” With the conductor dead 
there is no motion, but as soon as the conductor is ener- 
gized sufficiently to set up a magnetic field about it 
(strong enough to overcome friction or inertia) there is 
motion. In the illustration given herewith the motion 
will be to the right because the lines of force travel up 
and the current is travelling away from you. It is as if 
the lines about the wire were a car wheel and the North 
pole of the magnet were the track. If the current is 
reversed the travel will be reversed, also, in same field. 

In a motor, the magnetic field is set up by the field 
magnets which are excited by the current passing throug!, 
their windings from the line. Current is also led into 
the armature windings through the brushes and commuta- 
tor, and it is the reaction between the magnetic field and 
the effect of the current in the conductors on the arma- 
ture (as explained) that causes the armature to rotate. 
The armature windings are connected to the commuta 
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tor in such a way that the current flows only through 
those coils which are in the magnetic field, the direction 
of rotation depending upon the direction of flow. 

We found, in the case of the generator, that when a 
conductor is moved through a magnetic field there is a 
current caused to flow in it, due to the generation of an 
electro-motive force in the conductor. In a motor we 
have a similar condition; an armature revolving in a 
magnetic field and conductors cutting across lines of 
force. This is due to the action between the field and 
armature, instead of being driven by an engine, but does 
not prevent the generation of an electro-motive force in 
the armature conductors. But, since this E. M. F. is the 
result of moving the conductor through the magnetic 
field (as with a generator) the flow of current will be in 
the opposite direction to that passing through the arma- 
ture conductors from the line. Hence, it is called the 
COUNTER Bal Mab-: 

The E. M. F. of the generator supplying current to the 
motor must always be greater than the Counter E. M. F 
of the motor or no current would flow into the motor and 
it would not run. When a motor is ‘first started the 
counter E. M. F. is zero, because the conductors are not 
cutting magnetic lines of force, so the rush of current is 
very great. But as soon as the motor speeds up ihe 
counter E. M. F. increases until it nearly equals the 
impressed E. M. F., the difference being due to thé 
E. M. F. required to overcome the resistance of the 
armature windings. If the field windings are also in 
series with the armature, as with a railway or hoist 
motor, the resistance of these windings further increases 
the voltage drop. 

When the windings of a motor are energized and the 
armature held so it cannot turn there is a strong twist- 
ing or turning effect exerted, due to the tendency of the 
armature coils to jump out of the magnetic field. But, 
no power is developed because they are unable to move 
and all of the electro-motive force supplied by the line 
wires. is used in forcing the current through the armature 
against its resistance. This resistance is comparatively 
small, due to the size of the wire making up the wind- 
ing, so the voltage can send quite a lot of current 
through them. 

The watts so supplied are used up in heating the arma- 
ture conductors and field windings, but, if the motor 
armature is allowed to turn there will be a cotititer FE. 
M. F. generated by the motion of the conductors through 
the magnetic field and this will choke back most of the 
current and reduce the amount taken from the line. 
The amount of energy then used will be only that due to 
the ability of the reduced electro-motive force to send 
current against the resistance of the windings. 

This turning or twisting effort is called the “torque” 
of the motor and is equal to the torque exerted at the 
pulley plus the torque required to overcome friction in 
the motor. As soon as the armature is free to turn the 
motor is in a position to deliver power, and the current 
which flows will be that required to enable the motor to 
carry its load and to make up for its own losses. The 
torque of a motor depends upon the field strength, the 
number of armature conductors and the amount of cur- 
rent in the armature conductors. 

There are certain losses in a motor, the same as in a 
dynamo, which cannot be avoided. These are the losses 
due to mechanical friction, the resistance of the field 
windings, the watts lost in the armature due to heating 
(C*R) and the loss in the iron cores due to hysteresis 
and eddy currents. The latter are the effect of the 
magnetism and need not be discussed in detail just now. 
From these losses taken all together we determine the 
efficiency of a motor. : 
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The “commercial efficiency” of a motor is equal to the 
ratio of the useful power delivered at its pulley to the 
total power taken from the line. The “electrical effi- 
ciency” of a motor is the ratio between the power con- 
sumed in the armature and the total power taken from 
the line. In this case the small losses in the fields are 
neglected. In a motor, the electrical power used in the 
armature is determined by multiplying the current flow- 
ing in it by the counter-electro motive force generated by 
it. This is similar to a dynamo, wherein the electrical 
energy generated in the armature of a dynamo is the 
product of the E. M. F. generated and the current flow- 
ing through the windings. 

The higher the counter E. M. F. as compared with 
the E. M. F. of the line the higher will be the efficiency 
of the motor. If the resistance of the motor armature 
is very high the counter E. M. F. will be quite a bit low- 
er than the line E. M. F. and reduce the efficiency of the 
motor. This is because a larger part of the line E. M. 
F, is necessary to overcome the resistance of the arma- 
ture windings instead of being available for overcoming 
the counter E. M. F. generated in the windings, and en- 
abling the motor to do useful work. Thus we see that a 
low resistance armature is just as important in a motor 
as in a dynamo. 

Classes of Motors. 

Direct-current or continuous-current motors are usu- 
_ally classed according to the method of exciting the field 
windings, similar to dynamos. Motors are usually of one 
of three classes, Shunt-wound, Series-wound or Com- 
pound-wound, the other kinds being so rare as to not 
warrant space here. Practically all motors are operated 
from constant-potential circuits, the current taken by 
the motor varying with the load. So we will consider 
each of the three general classes in detail from this stand- 
point, as we go along, but will take up a few general 
points first in order to bring out the principal differences 
between the three classes. 

A motor consists of two main or principal parts, the 
armature and the field or frame. The armature wind- 
ing lies on or near the surface thereof in order that 
its pull may be exerted at as long a radius as possible 
and in order to bring it to the most dense part of the 
magnetic field. The field is arranged in such a way 
about the armature as to form an economical magnetic 
circuit and to form a dense field for the armature wind- 
ings to rotate in. This magnetic field is formed by the 
windings on the pole pieces composing it. On one end 
of the armature is a device called a commutator for 
connecting the various coils of the armature winding in 
the circuit at the desired times, as described in the sec- 
tion covering Dynamos in the Car Lighting Series. 

It is evident that, before a motor can run, both the 
field and armature windings must be energized, and upon 
the relation of these two portions in the circuit depends 
the class of the motor. If the internal connections are 
such that the current divides, part passing through the 
armature and part through the fields, it is a shunt motor. 
If the connections are such that all the current passes 
through both the armature and field windings, one after 
the other, it is a series motor. If the connections and 
field windings are such that a part of the current passes 
through a part of the field windings and the balance of 
it through the rest of the field winding and then through 
the armature winding (in series) it is a compound wound 
motor. The accompanying diagrams will show the rela- 
tive connections of the three classes. 

Shunt-wound motors are used more than any other 
kind for operating machinery because of the speed regu- 
lating qualities. Since the line potential is kept constant 
for this class of service the field strength will be con- 
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stant because the field windings are connected directly 
across the motor terminals (the line, also) and the resist- 
ance of the field windings is constant. The exceptions to 
this will be stated later under the heading of “Speed 
Regulation.” 

The field coils will normally supply the same magnetiz- 
ing force, regardless of the amount of current taken from 
the mains by the armature, because they are not in ser- 
ies. If there were no de-magnetizing action of the 
armature the strength of the field would be practically 
constant. When a shunt motor is running free the only 
current taken from the line is that required to overcome 
internal losses, such as friction, etc. and the armature 


SHUNT (TOTO. 


Fig. 3. 


speed will be such that the counter E. M. F. will allow 
only the amount of current to flow which is needed to 
overcome the internal losses, In a good motor this cur- 
rent will be very small, so the counter E. M. F. is nearly 
equal to the line E. M. F. when running light. 

If a load is put upon a shunt motor it must take 
enough current to produce the torque necessary to carry 
the load. In order to allow this current to flow the 
counter E. M. F. must be reduced, so the speed must 
drop a little because the field strength is practically con- 
stant. But, if the armature resistance is low and the 
motor otherwise well designed the speed reduction from 
no load up to full load will be very small. Even if the 
load should be accidentally thrown off entirely there will 
be no tendency for the motor to run away because shunt 
motors atitomatically adjust themselves to changes in 
loads. 

Series-wound motors are used almost exclusively for 
railway motors, hoist and crane motors, turntable and 
other motors which are in service requiring variable 
speeds and high starting torque. They also operate al- 
most entirely on constant voltage systems. Owing to 
the method of connecting the windings in a series motor 
there is a great tendency for them to race or run away 
when not loaded. Of course, a series motor, like any 
other one, will take just enough current from the line to 
overcome the losses dtie to friction, core losses, etc., 
when running light. But, as the armature speed 
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increases the counter E. M. F. also increases, so the 
amount of current which can flow decreases. Since 
the field is in series with the armature, the field strength 
decreases as the current decreases and the armature 
must run still faster to generate the required counter E. 
M. F. This is about equal to the line E. M. F. at no 
load. 

If the motor is well designed the no-load current will 
be very small and the speed required to generate the 
necessary counter E. M. F. will be excessively high, 
enough perhaps to cause the armature to fly apart. This 
why it is not safe to start series motors without loads 
or to throw the load off when running, without opening 
the circuit. When used with hoists they are under the 
control of the operator, as in railway work, so are satis- 
factory. The starting torque of a series motor is high 
because the current must flow through the field as well 
as the armature, thus giving a good field for the armature 
currents to react upon. 

The torque of a series motor depends directly upon 
the amount of current flowing through it, and when the 
motor is loaded the counter E. M. F. decreases slightly 
and allows more current to flow. This current in turn 


SEES TIO. 


Fig. 4. 


strengthens the field and a corresponding increase of 
torque results. This is why series motors are used for 
railway work, a strong torque being produced by simply 
allowing a heavy current to flow while starting. 

The field strength of a series motor increases as the 
load is applied, so the speed will decrease to correspond, 
that is why they are not good for ordinary power and 
machine motors. They are more substantial than other 
kinds and cheaper to build, and much less apt to give 
trouble. 

Compound-wound motors are used for some classes 
of machinery requiring the characteristics of both shunt 
and series wound motors, such as planers, slotters, etc. 
With these motors the shunt field winding is to keep the 
speed practically constant regardless of load (providing 
the potential is constant) and the series winding is to 
give high starting and running torque. In view of the 
explanations given for the shunt and series motors, the 
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action of a compound motor should be readily under- 
stood. The “Differentially-wound” motors, once so 
common, are now superseded almost entirely by shunt 


COMPOUND 1701 Or. 


Fig. 5. 


motors. They had two windings, similar to the com- 
pound motors, but one of them was connected so as to 
oppose the other and give constant speed regardless of 
load, on constant potential. 


HOW IT HAPPENED. 
Editor Railway. Electrical Engineer! 

A few days ago I had to move a shunt-wound direct 
current motor from one part of our shop to another 
and, after getting it set in place and connected up, an 
accident happened which made me think I saw snakes 
or some other thing. 

The motor was running all right and we were yoing 
away when a large timber fell on the motor in such a 
way as to pull one of the shunt field-leads loose, but the 
motor kept right on running. We examined it very 
carefully and could see no reason why it should not stop, 
because I always thought a motor would not run unless 
the fields were alive. 

The only thing I noticed was that the motor would 
stop if we put very much load on it, and when the brush 
holder was moved to the regular position. When the 
timber struck the motor it moved the brush holder way 
over to one side, but did no damage, for the motor kept 
running. We fixed the shunt lead again and everything 
is all right now, but will you please tell me what made 
the motor run in that condition? Cats! 

Answer.—Your motor continued to run because of the 
reaction of the armature upon the field, and was made 
possible by the shifting of the brushes. Armature re- 
action is present in all kinds of dynamo-electric machines, 
but its affect in motors is different from that in gener- 
ators. The effect of the armature current is to cross- 
magnetize the field, that is, shift it to one side in the 
air gap, causing greater magnetic density at the leading 
corner of the pole-pieces. The effect of cross-magnetiza- 
tion is to shift the field backwards, instead of forwards 
as in a dynamo, so the brushes must be shifted back- 
wards also to prevent sparking. In your case the motor 
was probably made with a comparatively weak field and 
a large amount of wire on the armature, thus increasing 
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the effect of armature reaction. With the brushes set 
either ahead or back of the neutral position a motor will 
run with the armature alive and the field dead, due to 
the field set up by the armature reaction for the armature 
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current to react upon. The neutral position in such a 
motor would be back of the center of the space between 
the poles instead of just half way between them. | 
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Lesson No. 8. 


Axle Generator Regulators 


In this lesson we are going to try and get a line on 
some of the general principles of axle lighting machine 
regulators, and this will be followed later with a detailed 
description of each of the various regulators now in 
service. 

Did you ever stop to think that an axle equipment is 
really a complete little central station that runs itself? 
In fact, does so under the worst possible conditions, 
those of greatly varying and intermittent speed, and be- 
ing placed right down on a car truck where the machine 
is banged and bounced around at a great rate, and where 
flying ballast, sand and cinders, water, snow and ice, all 
operate at their maximum efficiency to put the equip- 
ment out of business. 

What would an engineer in charge of a power station 
think if his engine stopped every 15 minutes, and when 
it did run, ran at anything from 10 to a 1,000 revolu- 
tions per minute. I think most of them would be fit 
subjects for the insane asylum in about two weeks, don’t 
you. Yet that is the way every axle equipment must 
operate, and when you think of it in that light it is not 
surprising that we have some trouble with their opera- 
tion. 

There are several principles upon which an axle gen- 
erator can be controlled so that the wide variations in 
train speed will be taken care of. 


Fig. 34. 


1. Probably the simplest one is that which depends 
upon belt slipping at high speed, so that the generator 
runs practically constant after it gets up to a certain 
speed. There are thousands of equipments in Europe, 
India and Australia, and in fact, many in Canada which 
operate on this principle. This is known as the Stone 
system, and the operation is illustrated pretty well by 
the accompanying sketch, Fig. 34. 

The generator is hung from a single pivot as shown, 
and is pulled out of virtical position by the belt tension. 
There is an adjustable link “A” with bolt and nut so that 
the output of the generator can be adjusted. This type 
of axle equipment was tried out in the early days by the 
Gould Company, but has never been much used in this 
country, probably because of the fact that our cars are 
much larger, the lamp load heavier, and the require- 
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ments of lamp regulation much higher than they are in 
Europe. ‘ 
Armature Reactions. 

2. Then another might depend upon armature re- 
actions when the magnetic field is distorted at high 
speeds (see page 247 of our March issue). 

The Rosenberg generator, rather extensively used in 
Germany, operates on this principle. At higher speeds, 
the magnetic field of the generator is automatically dis- 
torted to such an extent that the effective voltage deliv- 
ered at the terminals remains practically a constant. 
Differential Series Field. 

3. A differential series winding might be placed on 
the generator field which would automatically buck the 
voltage down as the current went up. Both of these 
last two, however, require a larger and heavier genera- 
tor, and they would probably both tend to heat the gen- 
erator excessively and even at best, would be not much 
more than a make-shift. 

Varying Field Current. 

4. The type which is most generally used in this 
country, is that regulation which controls the generator 
current or voltage by reducing the generator field cur- 
rent as the train speed goes up and vice versa. There 
are a great many different devices which are used to 
produce this same effect, but they may be divided into 
three classes: 

1. Generator current control. 

2. Battery current control. 

3. Combination generator current and voltage con- 
trol. 

Generator Current Control. 

1. Most of the equipments now in service are in- 
cluded in the first class. The generator current passes 
through a solenoid which operates a plunger that cuts in 
or out the generator field resistance for rise or fall in 
train speed. There are modifications of this general 
principle in which there is differential winding on the 
controlling solenoid through which lamp current passes. 
The magnetism from this winding opposes the magnetism 
of the main winding, with the result that as the lamps 
are turned on, the generator current will be increased to 
take care of all, or part of lamp load as desired. 

Battery Current Control. 

2. An example of the battery current regulator is 
the old Bliss bucker, in which the battery current only 
passed through the controlling series coil of the bucker. 
In this system, generator current has nothing whatever 
to do with the regulation, and lamp load is taken care 
of simply by an increase in generator output just as it 
is on any stationary constant potential system. 

Current and Voltage Control. 

3. The third class, that of combination generator 
current and voltage control, includes most of the latest 
types of equipment. The new U. S., Safety, and the 
Gould Simplex regulators. These equipments have two 
separate solenoids, one with a heavy series winding 
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which carries all the generator curreut; the other, a fine 
winding which is placed directly across the gencrator 
terminals and the magnetism of this coil increases with 
an increase in generator voltage. All of these equip- 
ments operate as simple constant current devices until 
the battery has been charged up to a certain point, 
usually 42 volts on a 32 volt system; when this voltage 
is reached, however, the voltage coil becomes operative, 
and the battery charging current is gradually tapered off 
to a low value. In the U. S, equipment it is immedi- 
ately cut off by reducing the generator voltage to 36 
volts, so that the battery merely floats, the generator, 
simply carrying the lamp load. 
ADJUSTMENT OF REGULATORS. 

It should be noted that with all current regulators, the 
same battery charging current will flow whether battery 
is low and really needs the charge, or whether it 1s fully 
charged and at the time being distructively overcharged : 
this point is easily seen for the regulation itself depends 
upon this charging current. This applies to all regula- 
tors except the combination current and voltage types. 
The matter of setting the regulator then becomes of 
great importance, and should be given careful thought 
by the man in charge of axle equipments. It is probably 
true, that more batteries have been ruined by setting the 
regulator too high in an effort to be on the safe side than 
from any other cause. 

Some of the things to be considered in setting a regu- 
lator are, is the car a parlor car, a dining car, a coach, 
a mail car or a baggage car; what kind of a run it is 
on; is it on a through train that runs day and night, is 
it on a night run train that leaves in the evening and 
reaches its destination early in the morning or is it on 
an accommodation train that makes most of its run in 
the daytime; is it on a diner that has a short run and a 
heavy discharge both before the train leaves and after 
it arrives at its destination, as well as all the time on the 
road. All this simmers down to this—you have got to 
get an idea of the total number of ampere hours dis- 
charge which the car is apt to receive, including time of 
stop and lay overs, and also all time when the train runs 
at a speed below cutting in speed of the generator, as on 
mountain divisions, passing through yards, approaching 
the terminal, etc. This is not as difficult as you might 
think, for if you simply place a duplex train ampere 
hour meter in the battery circuit, you can get a good 
idea of not only the amount of discharge which the car 
receives, but also the amount of charge. 

Rule for Setting Regulators. 

It is impossible to lay down a rule for setting regula- 
tors that will fit every case. It is at best only on ap- 
proximation. But in general, for those regulators 
which maintain constant generator current and have no 
differential windings, the regulator should be set so that 
the aggregate ampere hour charge during the daylight 
run will be about twice as great as the total number of 
ampere hours discharge at slows and stops during the 
night. This should be sufficient to care for low battery 
efficiency and for all regular and some emergency dis- 
charges. In making this calculation, don’t forget to 
take into account the all-night charge. This may vary 
but is usually of low value and in some cases may be a 
slight discharge, but it should be taken into considera- 
tion which ever way it is. 

The calculation for the proper setting of a battery 
current regulator of the Bliss type is more simple and of 
a smaller probable error. Since the charging current 
is proportional to the average train speed, or more cor- 
rectly is proportional to the average train speed above 
the critical speed, all that is required in setting this 
regulator is to know the average train speed from the 
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time table, the total battery discharge in ampere hours — 


while the generator is not operating, and the total time 
the generator is operating. The regulator is then ad- 
justed, when the average train speed is attained, to such 
a value that the then obtained current multiplied by the 
total time that the generator is operating will give an 
ampere hour charge equal to about twice the total am- 
pere hour discharge. This will ordinarily be sufficient 
to allow for low battery efficiency and for recovery from 
emergency discharges. It should be noted that no con- 
sideration need be given to the number of lamps used 
nor the hours of lighting, this battery charge being en- 
tirely independent of the lamps. 
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Where the combination voltage and current regulators 
are installed, they automatically take care of themselves, 
so that no adjustment of the regulator is necessary. 
Although these equipments have not been in use very 
long it looks as if they are going to greatly simplify the 
troubles of the axle lighting man. 

Change of Setting at Different Seasons of the Year. 

There is a big difference in the amount of discharge 
car lighting batteries receive in the winter time and that 
of summer time. Fig. 35 shows the curve of sun- 
rise and sunset for the various months of the year, the 
shaded portion indicates night figured as an hour before 
sunset till an hour after sunrise. It should be noted 
that in June there is about 10 hours lighting, while in 
January the lamps will have to be lighted 17 hours. 
This means an increase of 70 per cent in the lighting 
hours of January over June. Obviously, regulators 
should be set to compensate for this variation, but of 
course they will not, except in special cases, be increased 
anything like 70 per cent. 

For constant generator current regulators which have 
no differential winding, it is readily seen that the in- 
creased total hours of lighting will affect the operation 
in two ways; it will increase the probable battery dis- 
charge at stops, and will decrease the total hours of 
charging the battery during the day. The battery dis- 
charge will increase directly proportional to the 70 per 
cent increase in the hours of lighting, while the battery 
charging will decrease with the decrease in daylight 
hours for charging the batteries. This decrease in 
charging is 7 hours or about 50 per cent of the total 
hours available for charging outside of lighting hours: 
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during June. The increase in lighting hours is 7 hours 
or 70 per cent increase over June lighting. These 
these combined would require an increase to 314 times 
the normal rate of charge, or a 250 per cent increase, if 
all the charge were to be done during the seven hours 
daylight run in January. This increase in setting, how- 
ever, will be effective throughout the whole twenty-four 
hours run, instead of only seven hours upon which that 
figure is based, so the necessary increase in the average 
charging current will be only about 100 per cent. 


It has been found that the battery charge generally 
comprises about ™% of the total output of the generator, 
so that reducing the calculation to a basis of generator 
current, it is found that: For all constant current regu- 
lators operating on trains having a 24-hour run or over, 
the regulator adjustment should be increased approxi- 
mately 25 per cent for operation in January over that 
for operation in June. 

For regulators operating on principles of battery cur- 
rent control the situation is somewhat different. As 
previously indicated, the charging of the storage bat- 
tery takes place all the time the train is above critical 
speed and is independent of the lamps. Now again, as- 
suming the car is operated on a 24-hour run, the in- 
crease of 70 per cent in the hours of lighting during the 
winter months will only affect the battery discharge and 
will not affect the charge, so that the re-adjustment of 

the regulator need be only such as will compensate for 
-the increased discharge. However, inasmuch as the 
battery current comprises the total regulator current, 
‘this increase of 70 per cent in the battery discharge 
‘must be compensated for by a direct increase of 70 per 
cent in the regulator setting. 

In the above examples it has been assumed that the 
train was an overland train that ran at least a day and 
a night. Where equipments are operated on short runs, 
conditions may be entirely different. The heavy hori- 
zontal lines shown in Fig. 35 mark the trip of the din- 
ing car Hannibal, the evening run being from 6:10 p. m. 
to 8:15 p. m., and the morning run from 6 a. m. to 8:05 
a.m. It is seen from the curve that in summer time the 
lamps are lighted for but 114 hours for each round trip, 
while in the winter time they are lighted not only for 
the entire run, but all the time the car lays in the sta- 
tion, and in fact for a good part of the afternoon in 
the coach yards as well. This probably will amount to 
a total of about 6 hours which is 4 times the amount of 
light used in the summer time. 


THE STOP CHARGE RELAY. 

For several years past, the manufacturers of all the 
various axle equipments have installed stop charge re- 
lays-in connection with their equipment, which con- 
sist of small solenoids placed across the generator ter- 
minals and adjusted so that when the battery voltage 
raised to a certain point it would close the relay and 
partly kill the generator so as to stop the charging. 
This sounds fine, and in many cases may be found to 
work perfectly satisfactorily for a time; but the experi- 
ence of the last two years has forceably demonstrated 
the fact that these relays don’t always work right, and 
even if they do work right themselves, the battery volt- 
age may vary and is not a safe guide. The voltage in- 


dication which you get with a voltmeter across the ter-- 


minals of a battery deepnds upon what charging cur- 
rent is flowing into that battery, the higher the charging 
current, the higher the voltage; it also depends upon the 
temperature, when a battery is cold it will take a much 
higher voltage to charge it full, than when it is warm; 
it also depends on the condition of plates, a sulphated 
battery will show a voltage much higher than normal. 
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Stop charge relays may be all right if they are prop- 
erly handled—don’t set them too high, otherwise they 
may not open at all, and although your battery will come 
back fully charged, it will probably be injured by severe 
overcharging, a condition which is pretty hard to detect 
until battery goes to pieces. If you set them low 
enough, say 43 volts, so that they will be sure to oper- 
ate, then once every 10 days or 2 weeks cut out the 
relay, so that the equipment will overcharge the battery 
and break up any slight sulphation that might have oc- 
curred, you will find that the stop charge relay will give 
much better service than when it is depended upon ab- 
solutely. 

Setting of the Stop Charge Relay. 


To set the relay, first let it get thoroughly warmed up. 
The resistance of the copper wire in the coil is slightly 
higher when warm than it is when cold, and if the relay 
is set cold it would not operate until too high a voltage 
when placed in actual service and the coil becomes 
heated. 


To do this add a few dry cells in series with the stor- 
age battery until the voltage of the combination reaches 
43 or 44 volts, then adjust the relay so that it operates at 
that point. 

(To be Continued.) 


Practical Stunts. 
Send in Your Ideas, We Pay for Them. 

For the past few years we have been using tar paper 
to shim up the axle when axle pulleys are applied. We 
have found that in hot weather the tar will ooze right 
out of the paper under the great pressure with which 
the axle pulley is bolted down. This has given us some 
trouble in axle pulleys coming loose. We now use 
ordinary paper, usually old railroad time tables and 
find them very satisfactory 


H. G. MEYERS, Santa Fe. 


Very often hard rubber separators and side sheets 
become brittle, especially when cold. It is a good scheme 
to soak them in hot water for a few minutes before in- 


stalling, or if trouble is experienced in removing sepa- 


rators from cells that are to be cleaned, the same effect 
may be produced by turning live steam right into the 
cell until it is warmed up, then allow it to stand for a 
few minutes and the separators will be found to be 
flexible and can be handled without any danger of 
breaking. 

BERT PECHALY. 


PAPER ON FREIGHT HANDLING S YSTEMS. 


Mr. H. McL. Harding will deliver a paper before the 
Western Railway Club on the. subject of the Telpher 
system as applied to handling of material in railway 
freight houses and shops. 

On account of the many labor troubles in conncetion 
with handling freight very recently, as well as purely 
from the standpoint of saving in cost, this subject is of 
particular interest to railroad men. 

Mr. Harding has made a very extended investigation 
of this subject and has found that freight may be han- 
dled at an average of 20c. per ton by the Telpher sys- 
tem as against 85c. per ton by hand. Without a doubt, 
a similar saving can be shown in handling materials in 
railroad repair shops. Everyone interested is invited to 
attend the meeting which will be held at 8 P. M., Octo- 
ber 15th, at the Auditorium, Chicago, Ill. 
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Field Control on the Pennsylvania Railroad Locomotives. 


An aggregate delay of but thirteen minutes chargeable 
to electrical apparatus on thirty-three locomotives for a 
year is indeed a remarkable showing. ‘This is exactly 
the performance of the Westinghouse locomotives in the 
service of the Pennsylvania Tunnel and Terminal Com- 
pany out of New York City. During the year 1911 the 
inilage given below were made by these locomotives : 


Totalwiocomotive muilesiew. sosen Gs 909,238 
Maximum miles per locomotive....... 56,000 
Average mileage per locomotive....... 25,979 


Thirty-three of these engines operated for a year with 
the phenominal record of only thirteen minutes delay 
chargeable to electrical troubles. 


Master Controller of Locomotive. 


Fig. 1. 


The control of these locomotives is of interest not 
only because of this excellent maintenance record but 
also because of several unusual features described below, 
that are incorporated in it. 

In the early days of electrical traction the method of 
controlling motors by shunting their fields was applied, 
but finally abandoned due to the poor operation of the 
pioneer motors. Later the Westinghouse Company de- 
veloped commutating-pole railway motors for field con- 
trol that commutate and operate successfully. The New 
York, New Haven and Hartford Railroad used shunted 
field control for direct-current operation on its original 
locomotives. While the Pennsylvania R. R. locomotives 
were constructed a special type field control was devel- 
oped for controlling the large 2000 h.p. commutating pole 
-motors which drive them. 

The field of each motor of the Pennsylvania locomotive 
is divided into two parts and in both series and parallel 
running there are two running points, one with maximum 
or full field and the other with normal or half field in 
circuit. In each case there are two transition positions 
between full field and normal field positions in which 
the resistance is shunted across the motor fields. Thus 
these locomotives have four running positions. 

Each locomotive consists of two units each complete in 
itself and interchangeable so that at any time either half 
of any locomotive may be coupled to any other half loco- 
motive. 

The handle of the master controller (Fig. 1) is ar- 
ranged to have but a comparatively small amount 


of travel, similar to that of a steam locomotive throttle; 
however, by means of a gear connection, this small move- 
ment is multiplied in transmission to the controller drum. 


Fig. 2. Upper Half of Generator Fields. 

An extremely quick-acting circuit-breaker (Fig. 3) is 
used. By means of its size it operates differently from 
the ordinary line switch or circuit-breaker, in that it can 
be tripped without first releasing the air from the main 
cylinder. By its quick action the extent of damage from 
short circuit is greatly decreased. This main circuit- 
breaker is of high capacity and may be opened or closed 
by opening or closing the low voltage circuit which leads 
to the magnet valve and admits compressed air to the 
operating cylinder, or it may be opened automatically 
by means of the magnetic trip. The motor current 


Fig. 3. 


Quick Action Circuit Breaker. 


passes through the coil of this tripping magnet and if 
the current through the circuit-breaker becomes higher 
than that for which the breaker is adjusted the plunger 
lifts and striking against the trip, causes the breaker to 
open. The movement of the main contact when opening 
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and closing is the same as in Westinghouse unit switches, 
but the operating mechanism is different. The movable 
contact arm is not connected directly to the piston rod, 
but to the upper end of a guide rod operated by a verti- 


Fig. 4. One of the 2000 h.p. Motors. 

cal movement of this rod which is connected through a 
system of levers to the piston of the operating cylinder 
on one side and to the overload device on the other side 
- through a tripping lever. 

These circuit-breakers are enclosed in iron cases. The 
arc chute in which the main contacts are contained is 
open so as to give plenty of room for the copper gases 
to vent when the breaker opens from exessive current. 
Powerful blow-out magnets are located on each side of 
the arc chute opposite the contacts. The circuit-breakers 


Short Circuiting Emergency Switch, 


Fig. 5. 


are located one on each locomotive unit, near the cab 
partition adjacent to the switch groups, the arc chute 
venting toward the center passageway between switch 
groups. 

As an emergency provision in order to kill the third 
rail for any reason, a short circuiting or grounding switch 
is placed on each half of the locomotive. It is operated 
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by a pull lever projecting through the floor on the left 
side of cab. The closing of this switch, unprotected by 
fuses, causes a dead ground which is ample to trip the 
breakers at the sub-stations and thereby cut off power. 


—-_. 


NEW TYPE SUSPENSION IRONS. 

The accompanying illustration shows a new type of 
generator suspension recently designed by the Illinois 
Central Railroad Co. Instead of using simply 4 inch 
iron bars passing either over or through the end sill, as 
has been past practice, the side irons are reinforced by 
heavy irons rivited solid to the truck sill as shown. This 


New Reinforcement of Generator Suspension, 


tapers from 3 inches at the end to 7 inches at the base 
so it reinforces the generator suspension very strongly. 
The suspension loops are bushed on the end and ride 
in a bearing bolted to the top of the saddle iron as 
shown. The busings take the slight wear caused by vi- 
bration of the generator when going at high speed, so 
that when it becomes necessary to make renewals, the 
bushings only need be renewed. 


CONDENSITE. 


‘The rapidly increasing uses of molded insulation has 
caused this subject to become one of vital importance to 
all electrical men. An excellent paper read before the 
1911 Convention of the Association of Railway electri- 
cal Engineers by Mr. K. R. Sternberg, covered this sub- 
ject in a most complete manner. The demand -for a heat 
resisting insulation having high mechanical strength. 
yet easy to machine, such as are the properties of Con- 
densite, has been so great, however, that a further de- 
scription of this product will be of interest to our 
readers. 

Condensite is the latest development in molded insu- 
lations. It is a high grade plastic which can be readily 
molded into any desired shape before being treated. A 
treatment with heat and pressure however, causes it to 
have some remarkable properties. It then becomes very 
hard and tough and has heat resisting qualities to a re- 
markable degree. It is mechanically far stronger than, 
yet takes the beautiful polish of hard rubber. Metal 
parts can be molded into it and it can be tapped, sawed 
or drilled very easily without injuring the temper of the 
tool. YY : 
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The recent demand for moulded insulations has been 
so great that the Dickinson Manufacturing Co., one of 
the manufacturers of this product have been compelled 
to greatly increase the size of their plant, adding 30 new 
hydraulic presses and an additional accumulator and high 
pressure pumps. 

This increase in facilities makes the Dickinson Mfg. 
Co., one of the best equipped and most modern plants 
in the world producing high class molded electrical in- 
sulation, 

In addition to Condensite, this firm also makes Ster- 
noid, which was the pioneer heat resisting insulation, 
and is approved by the underwriters, Stern-asbeston, 
and other hard rubber substitutes. 


H. G. MEYERS OF THE SANTA FE MARRIED. 


As official scribe we have one other interesting note 
to report—Mr. H. G. Meyers, Elec. Foreman of the 
Santa Fe with headquarters at Chicago, has just been 
married to a young lady from Denver, Colo. Mr. 
Meyers is well known among all the car lighting boys 
and his many friends will join us in our congratulations. 


E. J. YOUNG APPOINTED ELECTRICAL ENGINEER 
N. T. R. R. 


Mr, E. J. Young has just been appointed electrical 
engineer of the National Transcontinental Railway with 
Railway headquarters at Transcona, Manitoba. 


AUTOMATIC ELECTRIC CO., TO MAKE RAILWAY 
TELEPHONES. 


The Automatic Electric Company of Chicago will be- 
gin the manufacture of auto-mannual telephone appara- 
tus for railway train dispatching service. 

The new selector will contain some of the principles 
embodied in the automatic telephone exchange mechan- 
ism that has been so succesful in its operation in tele- 
phone exchanges. 

Mr. J. H. Finley, formerly of the Western Electric 
Co., will take charge of the railroad sales, and will have 
the title of Railway Telephone Engineer. 

CONVENTION OF TRAVELING ENGINEERS 
ASSOCIATION. 


The 20th annual convention of the Traveling En- 
gineers Association was held at the Hotel Sherman, 
August 27-30, 1912. The committee reports and papers 
cover feed water treatment, coal analysis, the mechanical 
stoker, handling of trains, electric headlights, etc. 


NEW WAY OF HANDLING PIG IRON. 


Heretofore the practice of handling furnace pig iron 
with electromagnets has been limited by the quantity that 
could be lifted under the ordinary plan of picking the 
iron from the ground or floor. With the pigs lying flat, 
only a relatively small number adhere to the magnet. At 
the Zenith furnace in Minnesota experiments have re- 
cently been made with stacking the pigs vertically, stand- 
ing each pig erect on end. This arrangement allows a 
greater number of pieces to make direct contact with the 
magnet pole-pieces, and the lifting capacity of the magnet 
1s correspondingly increased. In fact, with a given mag- 
net which was able to pick up only 1000 lbs. of pigs lying 
flat, 2000 Ibs. can be lifted if the pigs are stacked ver- 
tically on the floor. This doubling of the lifting capacity 
of the magnet is attained with but little added expense 
for labor in stacking the pigs . 
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NEW N. E. L. A. BULLETIN. 


The engineering department of the National Electric 
Lamp Association have recently issued a new bulletin, 
describing in detail the excellent facilities of the National 
Association for testing and technical researching. 

The National Electric Lamp Association is maintained 
by the various companies formerly constituting that Asso- 
ciation as a commercial organization, although on the 
new basis the Association is maintained merely for the 
purpose of obtaining more accurate and _ scientific 
methods of testing and improving their product. 

The Bulletin shows many views inside of the labora- 
tory which will be of special interest to any one not hav- 
ing had the opportunity of visiting the laboratory person- 
ally. It is available on request. 


INDUSTRIAL LIGHTING BULLETIN. 


Bulletin No. 10 on Industrial Lighting, published by 
the Benjamin Electric & Mfg. Co., of Chicago, contains 
some good information on shop lighting fixtures. It 
shows a comparison of the tungsten lamps in different 
type reflectors, also comparison of tungsten types and 
arc lamps. 

Distribution curves and illumination curves are given, 
showing the characteristics of the big line of shop fix- 
tures manufactured by that company. 

This ought to be in the hands of all men in charge of 
railway shop lighting installations. Copy gladly sent on 
request to the manufacturer. 


POSITION WANTED. 

A party having 14 years experience as sales engineer in dealing with 
mechanical and electrical officials of the leading railroads of both U. S. 
aad foreign countries desires to represent a manufacturer or supply 

ouse. 

The coming convention of the Association of Railway Electrical 


Ld 


Engineers, October 21-25, also makes this an opportune time to open — 


a big campaign for electrical business on the steam railroads. 
Address, K-34, Railway Electrical Engineer. 


Ampere Hour Meters 


The saving in charging cur- 
rent alone that is made by 
an ampere hour meter where 
used in car lighting service 
will pay for the cost of the 
meter in two or three months. 


Add to this the big saving 
in battery depreciation when 
overcharging is eliminated 
and you will agree that an 
ampere hour meter ought to 


be on every electric lighted 
car. 


Write for descriptive matter and prices on the 
new “Variable Resistor’ type for axle equipments. 


Sangamo Electric Co., 
Springfield, Il. 


October, 1912. 
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Brake Beam Troubles. 

It often becomes a very knotty problem, especially 
in the fish-belly girder type car construction, to adjust 
the suspension of the axle generator so as to allow 
sufficient clearance between the girder and machine 
at the same time have the belt clear the brake beam. 
In extreme cases it has been necessary to lower the 
suspension to such a degre that the lower side of the 
belt passes under the brake beam. In other cases 
when this is not done, the clearance between the belt 
and brake beam may be so small that when the brakes 
ere set the brake beam may raise so as to actually 
rub against the belt. This is probably the cause of a 
large number of belts being torn apart and lost. 

There is only one brake shoe to each car wheel, and 
it makes little difference to which side of the car 
wheel that brake shoe is applied. By a slight altera- 
tion in the levers of the brake mechanism, the brake 
beam adjacent to the axle generator can be reversed 
so as to bear on the opposite side of the car wheel. 
This will simplify to a great degree the problem of 
the axle lighting men and the saving in belt main- 
tenance will more than warrant the change. We be- 
leve this is a subject worthy of consideration, in fact, 
one that should be made as a recommendation by the 
Committee on Standards. 


An Ampere Hour Meter for Axle Equipments. 


The very recent development of the variable resis- 
tor type ampere hour meter as described in another 
part of this issue now makes it possible to use the 
ampere hour meter in connection with axle equip- 
ments; not only as an indication or check on the 
operation of the equipment, but as a controlling prin- 
ciple. 

In other words, this meter makes it possible to 
operate the storage battery of an axle equipment on 
the ampere hour principle of control instead of the 
current control, voltage control, or combination volt- 
age current control as in use at present. 

We believe this development to be of fundamental 


importance to all car lighting men, both railway men 
and manufacturers. 


Control of Battery Charge. 


The recent developments in axle generator regula- 
tors which operate on a combination current and volt- 
age principle of control presents a new problem, or at 
least a problem which-has other considerations involv- 
ed than those of the original constant current regula- 
tors or the same with a stop charge relay feature. This 
new phase of the car lighting problem should receive 
the careful consideration of all operators of car light- 
ing equipment. 

For the basis of all logical thinking on any of these 
problems, we must go right back to the operating 
characteristics of the storage battery itself. That is 
not only the thing to be protected and properly 
charged, but it is the big controlling feature in the 
system upon which the successful operation of any of 
these devices must depend. 

It is well known that when charging a storage bat- 
tery the voltage rises slowly until about three-fourths 
fully charged, when it begins to rise rapidly and 
finally reaches a maximum value. This abrupt rise 
in voltage to a maximum value forms the basis of | 
operation in the new voltage controlling regulators as 
well as with the stop charge relays heretofore used, 
but the improvements in design of the newer devices 
makes it possible to obviate many of the disad- 
vantages of the stop charge relay. These new de- 
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vices should give much more satisfactory operation if 
properly adjusted. 

The actual value in volts or volts per cell of this 
maximum however, may vary considerably. It de- 
pends (1) upon the current flowing, (2) upon the 
temperature of the electrolyte, (3) upon the condition 
of the battery, i. e. whether any of the cells are sul- 
phated, partly short circuited, etc. In short, intelli- 
gent discretion must be exercised wherever this 
overcharging voltage is depended upon for limiting 
the battery charge. 

Since the first application of the stop charge relay, 
we have always contended in these columns that this 
device should not be depended upon as the sole means 
of controlling battery charging since the voltage of 
a storage battery is no real criterion of its condition 
of charge. The experience of the best few years 
moreover has vindicated our position in this matter. 
In many cases the relays have cut in too soon, re- 
sulting in sulphation of the plates. In other cases 
the battery voltage failed to raise to the setting of 
the stop charge relay, resulting in a continued over- 
charge of the battery and serious injury to the plates. 

Many stop charge relays are in operation today, but 
they should be set low enough so that they will al- 
ways work (even though they have cut in too soon) 
and a periodical overcharge every week or two being 
provided by cutting out the relay for one trip. 

With the new voltage current regulators however, 
this same idea of low cut-off with some overcharge 
may be accomplished automatically, in fact, this is 
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made an inherent part of the operation of the device. 
Where these devices are employed it will be found 
good practice to have the maximum voltage value set 
low enough so the device will always operate; the 
taper charge will be sufficient in most cases to bring 
the battery up to full capacity. 

It should be noted however, that there are three 
distinct types of voltage current regulation possible: 
1st, a taper charge in which the full charging voltage 
of the battery is maintained by the generator; 2nd, 
a quick taper charge in which the generator voltage 
is reduced slightly after the critical voltage is main- 
tained; 3rd, a complete cut-off after voltage coil be- 
comes operative by reducing the generator voltage to 
the floating voltage of the storage battery. Obviously, 
the first and second types may produce a certain 
mount of overcharge of the battery. Whether or not 
this will be detrimental is yet to be determined. The 
third or floating voltage type seems to contain most 
of the inherent objections of the stop charge relay, 
and when it is used, the same difficulties of operation 
that have’ gone with the stop charge relay must be 
expected. 

This is in no way a condemnation of any particular 
type of equipment, but rather a consideration of prin- 
ciples. Any manufacturer designing their equipment 
for operation on the floating voltage principle cam 
very readily raise that voltage slightly to give a quick 
taper charge or maintain it at maximum value giving 
the longer taper charge. 


Fifth Annual Convention of the Association of Railway 


Electrical Engineers. 


Auditorium Hotel, Chicago, October 21--25. 


The Fifth Annual Convention of the Association 
of Railway Electrical Engineers is to be held in the 
big exhibit hall on the 9th floor of the Auditorium Hotel, 
Chicago, October 21-25. 

The officers of the Association of Railway Electrical 
Engineers are: 

President. 


PORE ROS, 


Electrical Engineer, Santa Fe, Topeka, Kans. 
First Vice-President. 
Daten ROW Ges 
Electrical Engineer, Lehigh V. R. R., Philipsburg, 
NESS: 


Second Vice-President. 
C. R. GILMAN, 
Chief Electrician, C. M. & St. P. Ry., Milwaukee, Wis. 


Secretary 
JOS) AV ANDREUCETTI, 
Gen’l. Foreman, C. & N. W. Railroad, Chicago, Il. 


Executive Committee. 
Billau, Asst. Elec. Engr., B. & O. R. R. 
Jansen, Elec. Engr., I. C. Ry. 


Ler 
SAVY 
A.J. Farrelly, Blec, Engr. C. & N. W. Ry. 


Hf. C. Meloy, Chief Electrician, L. Se Gy aiissaenem 
F. E. Hutchinson, Chief Elec., C. R. Lo@& Pai 
C. J. Causland, Chief Elec., Penna. R. R., Chicagoyiam 
All entertainment and exhibit features of the Con- 
vention have been arranged by the Railway Electric 
Supply Manufacturers Association. 
Officers of this Association are: 


President. 
Geo. H. Porter, Western Electric Co) Chigaea: 


Vice-President, East. 
H. G. Thompson, Jr. Edison Stge. Bat. Co., Orange, 
N. J. 


Vice-President, West. 
W. F. Bauer, U. S, Light & Heating Cop Ciitcamas 


Secretary. 
J. Scribner, General Electric: Co:, Chicago: 


Treasurer. 


Edward Wray, Railway Electrical Engineer, Chicago. 


Executive Committee. 


R. M. Newbold, Adams & Westlake Co., Chicago. 
J. M. Lorenz, Central Electric Company, Chicago. 


| 


} 
} 


October, 1912. 


Otis B. Duncan, J. Lang Electric Company, Chicago. 
G. H. Atkin, Electric Storage Battery Co., Chicago. 
W. E. Ballatine, Willard. Storage Battery Co., Chi- 


cago. 
J. G. Van Winkle, Safety Car Htg. & Ltg. Co., Chi- 
cago. 
C. W. Bender, National Elec. Lamp Assn., Cleve- 
land, O. 


B. L. Winchell, Jr. Kerite Ins. Wire & Cable Co., 
Chicago. 
J. J. Schayer, Niagara Lead & Battery Co., Chicago. 


CONVENTION PROGRAM. 


Tuesday, October 22. 
Morning Session, 10:00 A. M. 
Address of President. 


ais 
, @ 
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Visit to Burnside Shops of Illinois Central R. R. 
A special train will be placed at the disposal 

of the Association by the I. C. R. R.. This will 

leave. the Van Buren St. Station at 2 P. M. 


ENTERTAINMENT. 


Monday, October 21. 
8:30 P. M. 
Informal Reception and Dance. 
9th Floor Auditorium Hotel. 


Tuesday, October 22. 


Asseinbly Hall, 


7:30) P.M. 
Automobile Tour about the City. Tour will start 
from the Auditorium Hotel at 2:30 sharp, and 
all ladies holding badges are invited. 
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LAY OUT 


Report of Secretary-Treasurer. 
Unfinished Business. 
New Business. 
Afternoon Session—2:00 P. M. 
Report of Committee on Data Information. 
Report of Commission on Installation of Wiring 
for Electric Light and Power in Railway Shops. 


Wednesday, October 23. 
Morning Session—9:00 A. M. 
Report of Committee on Improvements. 
Report of Committee on Train Lighting Practice. 
Afternoon Session—2:00 P. M. 
Report of Committee on Shop Practice. 
Paper on Application of Steam Turbines to Rail- 
way Shop Work, by Ashley P. Peck. 
Paper on Industrial Lighting by B. F. Fisher, Jr. 
Thursday, October 24. 


Morning Session—9:00 A. M. 
Report of Committee on Specifications. 
Incandescent Lamps. 
Rubber Covered Wire. 
Rubber Belting for Axle Generators. 
Afternoon Session—2:00 P. M. 
Report of Committee on Standards. 
Paper on Electric Traction by N. W. Storrer. 
Friday, October 25. 
Morning Session—9:00 A. M. 
Discussion on U. S. Postal Car Lighting, Led 
by Mr. A. J. Sweet. 
Report of Auditing Committee. 
Election of Officers. 
Afternoon Session—2:00 P. M. 
8:30 P. M. 
Ladies’ night for viewing Exhibits. 


OF EXHIBITS. 


Wednesday, October 23. 


elo Ve 
Matinee Party at Olympic Theatre. “The Man 
Higher Up.” All ladies holding badges are in- 
vited. 
Thursday, October 24. 
700 Poe: 


Fifth Annual Banquet given by the Railway Elec- 
tric Supply Manufacturers Association to the 
Association of Railway Electrical Engineers. 
Various prominent Railroad Officials will be the 
speakers of the evening with Fredric P. Vose as 
toastmaster. The banquet will be followed by 
an informal dance. 


LIST OF EXHIBITORS. 
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A Quiet Tip On the Entertainment. 

Reception and dance comes off Monday night at 
8:30 in the Assembly Hall, 9th floor, Auditorium 
Hotel. 

The automobile tour on Tuesday is for all ladies. 
It starts at 2:30 p. m. from the ladies entrance of the 
hotel. Chicago has one of the grandest park-way 
systems in the world. It is a 50 mile tour of parks 
and boulevards unsurpassed. 

Tuesday night the ladies are expected to say some- 
thing of an intelligent nature about the exhibits—but 
here’s on the side to the ladies. Some of the manu- 
facturers have already placed orders for a big supply 
of Bon Bons—and any way, you can be sure they are 
real salesmen, and it is a secret of salesmenship that 
if you have the wife of your customer fully convinced 
of the merits of the stuff you are trying to sell, its 
dead easy to do the rest, so take it from us you will 
enjoy yourself Tuesday night. 

Wednesday afternoon matinee at the Olympic 
Theatre, “The Man Higher Up.” This is one of the 
strongest and most interesting plays that has been in 
Chicago for many a season. A good part of the house 
has been reserved for the ladies of the Convention. 

The annual banquet comes off Thursday at 7 o’clock 
in the Gold Room of the Congress Hotel. Mr. Fred- 
etic P. Vose is to preside as toastmaster, and all of 
us who were at the banquet last year will know that 
we have something in the way of a good laugh coming. 
Chauncy M. Depew in his palmiest days has never been 
in the same class withi Mr. Vose. 

Mr. Porter, Chairman of the Entertainment Com- 
mittee, advises us that he has invited a few railroad 
presidents and vice-presidents to address us, but all of 
their talks will be brief. At 9 o’clock we will adjourn 
and the deck will be cleared for action. The annual 
ball of the Association will then be held in this place 
until—well, until we go home. 

The committees in charge of the various features 
are as follows: 


COMMITTEES RAILWAY ELECTRIC SUPPLY MANU- 
FACTURER’S ASSOCIATION. 
Exhibits. 
WebeeBatier Chairman, U.is) Liwand Ete. Co: 
If, 1B, Wivskebse Oh, SS, Wie, eltavel Jatin). (CO. 
G. A. Graber, Kerite Ins. Wire and Cable Co. 
Membership. 
J. Scribner, General Electric Co. 
Auditing. 
J. M. Lorenz, Central Electric Co. 
Publicity. 
Edward Wray, Railway Electrical Engineer. 
C. W. Bender, National Electric Lamp Association 
Entertainment Committee. 
Geo. H. Porter, General Chairman, Western Elec. Co. 
Reception, Dance and Banquet. 

John J. Schayer, Chairman, Niagara Lead and Battery Co. 
1. J. Kennedy, Consolidated Railway Electric Lighting & 
Heating Co. 

J. G. Van Winkle, Safety Car Heating and Lighting Co. 

/ Geo. W. Cravens, Cravens Elec. Co. 
Av. Ez-Meeotie;« Safety, Car Htg. & Ltg. Co. 
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H. G. Thompson, Edison Storage Battery Co. 
W. P. Hawley, U. S. Light & Heating Co. 
B. F. Fisher, Westinghouse Lamp Co. 
Speakers, 
Geo. H. Porter, Western Electric Co. 
W. E. Ballentine, Willard Storage Battery Co. 
Theatre Party. 
O. B. Duncan, Chairman, J. Lang Electric Co. 
A. J. Cole, Westinghouse Elec. and Mfg. Co. 
Jos. L. Abt, New York Leather Belting Co. 
Auto Tour. 
R. M. Newbold, Chairman, Adams & Westlake Co. 
W. E. Ballantine, Willard Storage Battery Co. 
‘ _ Badges. 
Godfrey H. Atkin, Chairman, Electric Storage Battery Co, 
R. I. Baird, Electric Storage Battery Co. 
C. H. Jones, General Electric Co. 
Ladies Assisting. 


Mrs. Ror rost: Mrs. George A. Graber. 
Mrs. Jos. A. Andreucetti. Mrs. R. M. Newbold. 
Mrs. F. E. Hutchison. Mrs. Edward Wray. 
Mrs. Geo. B. Calegrove. Mrs. J. J. {Schayer 
Mrs. A. J. Farrelly. Mrs. "Al a2. Collette 
Mrs. C. J. Causland. Mrs. Harry Bayless. 
Mrs. W, E. Ballantine. Mrs. E, M. Cutting. 
Mrs. C. W. Bender. Mrs. "H. Rie Bick 
Mrs. B. F.° Fisher. Mrs. D. J. @Gartricht; 
Mrs. R. E. S. Geare. Mrs. J; HesDavas: 
Mrs. J. M. Lorenz. Mrs. A. McGary. 
Geass (GO, Tee pihanenn, Mrs. W. J. Bohan. 
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RAILWAY ELECTRIC SUPPLY MANUFACTURERS’ 
ASSOCIATION. 
Members 


Adams-Bagnall Electric Company. 

Adams & Westlake Company. 

American Conduit Manufacturing Company. 

American Pulley Company. 

Appleton Electric Co. 

Benjamin Electric Company. 

Central Electric Company. 

Columbia Incandescent Lamp Company. 

Consolidated Railway Electric Lighting & Equipment Co 
Crouse Hinds Company. 

Cutter Company. 

Delta Star Electric Co. 

Diehl Mfg Co. 

Economy Fuse & Manufacturing Company. 
Edison Storage Battery Company. 

Electric Storage Battery Company. 
Electrical Testing Laboratories. 

Esterline Company. 

Flexible Steel Lacing Company. 

Ft. Wayne Electric Works. 

General Electric Company. 

George Cutter Company. 

Gould Coupler Company. 

Hess-Bright Manufacturing Company. 

H. W. Johns-Manville Company. 
Independent Lamp & Wire Company. 

J. Lang Electric Company. 

Kerite Insulated Wire & Cable Company. 
Main Belting Company. 

National Metal Molding Company. 
National Electric Lamp Association. 

Nelite Works of the G. E. Company. 

Geo. P. Nichols. 

Norma Company of America. 

Okonite Company. 

Oliver Electric & Manufacturing Company. 
Oneida Steel Pulley Company. 

J. H. Parker. 

Pass & Seymour. . | 
Perkins Electric Switch Mfg. Co. | 
Pvte National Electric Headlight Company. | 
Poailwav Electrical Engineer. a 
W. C. Robinson & Sons. 

Safetv Car Heatirig & Lighting Company. 
Sangamo Electric Company. 

S. K. F. Ball Bearing Company. 
Sprague Electric Works. | 
Thompson Electric Co. 
United States Light & Heating Company. 
Victor-Balata & Textile Belting Company. 

Western Electric Company. 

Westinghouse Electric & Manufacturing Company. 
Willard Storage Battery Company. | 
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PebexecOnls OF THE COMMITTEES 


The Association of Railway Electrical Engineers assumes no responsibility for the individual views of its 
members on the various topics and disavows any action taken on the various subjects except such action as is 
taken in due course and accordance with the constitution. 


Report Committee on Data and Information 


The Committee on Data and Information for 1912 
in their last paragraph recommended that there be 
some discussion as to subjects which the Association 
would like the next Committee to work on, but this 
discussion did not take place and we find ourselves in 
the same position as the last Committee. 

We have again written all the railroads shown in 
last report as to information concerning electric 
lighted cars they have in service this year. It has 
been difficult to get replies and where our request was 
not complied with we used the report of last year. 

We submit a form or estimate sheet of car wiring 
which we think will be a benefit to members in mak- 
ing estimates on wiring new cars or cars that are to 
pass through the shops and be eelctric lighted. 


Suspensions. 

We feel that one of the most important points to 
be considered in placing axle light equipment on the 
car is a good suspension and the method in which the 
suspension is attached to the truck. 

A good many have considered extending the sides 
of the truck a distance of twenty-six or twenty-eight 


Fig. 1. 


Diagram of Suspension Brace, 


inches, but to do this would make a great deal more 
expensive casting and the end sill would have to be 
dropped a great deal lower to pass under the center 
girder of steel car. 


On cars with steel trucks the suspension should be 
secured to the truck without any chance of vibration 
and below is a photograph of the new heavy side brace 
which is bolted or preferably riveted to the side of the 
truck and which can be secured to the suspension iron 
at its outer end on any of the standard equipments. 

A sketch of this brace is also shown with holes for 
bolting on the truck. 


Any piece of metal may have’a flaw and a suspen- 
sion iron should be more firmly supported or strength- 
ened than is done by the ordinary inside or outer 
brace of smaller size. 

These heavy side. braces can be three-fourths or 
seven-eighths inches thick and-are stronger than the 
suspension iron proper. 


It has been placed on four wheel open end steel 
trucks and also on the standard six wheel steel trucks. 
Belts. 

It is advisable that where possible large axle and 


dynamo pulleys be used. This will greatly increase 
the belt life as is shown by attached statement of belt 
mileage made on different classes of cars using the 
highest grade of five inch four ply rubber belt with 
11 in. dynamo pulleys and 21 in. axle pulleys. 


Belts Applied. 


January February March April May June 
n n n n n n 
n vey n a) n ps) n ~ n aay nm ae) 
Class of Cars— Biro He a ae gs a oe aoe Boe 
Oo Oo. Oo orm Oo mM Oo A 
Sleeping Cars.... 9— 4 9— 6 8— 3 8— 4 8— 3 8— 3 
Dining Cars’. on... 14—16 14— 3 15— 6 14— 5 15— 7 15— 2 
Buffet Carsin cc... 15— 7 15— 5 13— 2 12— 2 12— 5 12— 2 
Coaches and Bag- 
gage Cars..... 69—12 69—10 73—21 72— 8 62—12 69— 8 
Business Cars... 10— 2 11— 2 12— 2 11— 0 12— 1 13— 4 
117—48 118—26 121—34 117—19 109—28 117—19 
Average Mileage 
per. Beltre sce ae 25,952 44,032 37,192 59,702 45,155 79,878 


Mileage of cars had not been received at time of 
writing for July and August but there were one hun- 
dred and twenty cars each month and the average 


q 
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mileage for all cars in July or the same number was January 14 Failures or 88,900 miles per failure. 

1,278,000 miles. February 6 Failures or 199,000 miles per failure. 
In July a. aa Pepa aie ey pee March 13 Failures or 101,000 miles per failure. 

an average of 51, miles and in August eleven - - ; | } 

were applied to one hundred and twenty cars or an sue 1 Failures ns tee cee od he 

average of 116,000 miles per belt. ay ? Failures or 187,00 miles per ailure. 

Light Failures. June 2 Failures or 661,000 miles per failure. 
A light failure is charged against the cars when 

they arrive at a terminal with less than twenty-five Number of failures in January was caused by the 

volts, thirty-five volts tungsten lamps being used. extremely cold weather which on account of ice on 


An average of one hundred and twenty cars’ were suspensions caused same to stick breaking belts and 
in service each month and reported failures either by to also eight straight storage cars which would arrive 
yard electricians reports or train conductors reports so late that batteries could not be fully charged to last 
were as follows: round trip. 


ANALYSIS OF ELECTRIC CAR LIGHTING. 
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The accompanying curves on power requirements of 
machine tools are the results of a series of tests made in 
the shops of one of the large Western railroads. 
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Fig. 3. Power Requirements for Shapers, Cutting Speed 
25 Et. Per Minute. 
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Fig. 4. Power Requirements for 90 in. Driving Wheel Lathe, 
Cutting Speed 12.5 Ft. Per Minute, 
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Fig. 5. Single Head Bolt Threading Machine, 
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y 6. Engine Lathes. Cutting Speed 35-40 Ft. Per Minute, Cutting 
Mild Steel; Mushet Tool Steel. (Based on Tests of 24 In, to 


60 In, Lathes.) 
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Fig. 7. Planers. Cutting Speed 20 Ft. Per Minute; Reserve, 50 
Ft. Per Minute. 


. ESTIMATING SHEET OF CAR WIRING. 
Material. 


Price Price 


Unit Net 

Axle GEVICE GOMPICCO” fo Gas cicieic sic cre eaisic tierce sevice cien csc sites 

BattertestsonoreGon vole srs <:clee levels sete sieies cj vleie.s eis se eles i> s) srelisiee . 

Switchboar 

Dynamo suspension 
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2 Vestibule hooks to support connecting wires ........+.++.-. 
e “C” charging receptacles 
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o “Pipe Plugs.” 1re ‘30 0 » 6.9 6'@ 6. 0.0 60 «658 ane ot tee wee eens . 
Ey pO aaeLOT At LOT I: MDOR lelare sinrevesteienelalevare lols ilalelel one cells ales) 8 silsie ' 
TAT CST | SARIN a eNO Reh 2) Sp Pima Nt PAD 5 RD UO K.W. MOTOR INPUT FOR TURNTABLES, 
Moor -flaneea™ cise cee. ke pete e esate ee ence cnet tenn n aes 69 Ft. Table— i 
“Junction Boxes.” 
Fe 2 OS Na in iG aire Catietercs ete sill tencie wielvrarsyeleters ie elere's  siellatote idle aa as ee Pee ee iO eMNre care ma. 4.5 K.W. 
H. L. 494 single circuit and train line top of car .......... Turning Engine Weighing approx. 300,000 Ibs... 10. K.W. 
E. L. 495 two line circuit and train line top of car ........ Turning Engine Weighing approx. 266,000 lbs... 10.3 K.W. 
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Horizontal Tubular Return Stationary Boilers. 

FORMULA FOR ENGINE LATHES. ; 

Horse Power = Feed in inches X Depth of cut in inches X ; Stoker Fired. Hand fired. 
Inches cut per minute X No. cutting tools X Con- Time ot Test°......00. 18hours 1234 hours. 

stant for material. Mlotal coal red tases 58351 pounds 32392 pounds. 
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Total ash and refuse... 6656 ponnds 3541 pounds. 
Water fed to boilers. ..460221 pounds 195315 pounds. 
Water actually evapo- 

rated (corrected for 

moisture in steam)... .442733 pounds 191559 pounds. 
Factor of evaporation. .1.1395 1.1061 
Equivalent evaporation 

from and at 210°...... 504494 pounds 212036 pounds. 
Average steam pressure. 105 pounds 110 pounds. 
Average temperature of 


Meer WALED cu... 5. Wi? Pahr. 150° Fahr. 
‘Average temperature of 

MMP PAGES ee ee 448° Fahr. 580° Fahr. 
Draft (inches of water)  .62 inches .52 inches. 
Percent moisture’ in 

OS a Be 3.8 per ct: yee per ct: 
Number of boilers fired. 4 and 5 3 
Average total boiler 

horse power developed. 808 482 
Average horse power 

developed per boiler... 171 161 
Builder’s rating Horse 

mever per boiler...... 150 150 
Horse Power rating per 

boiler at 12 sq. ft. water 

heating surface per 

BEE DOWET. o.oo es os 125 125 


Water apparently -eva 
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porated per pound of 
COaleasenireds. sy cu. es 7.88 
Equivalent water evapo- 
rated from and at 212° 
per pound of coal as 
fired 
Equivalent water evapo- 
rated from and at 212° 
per pound of coal as 
fired corrected for dif- 
ference in calorific val- 


6.03 


2 ey 


8.65 pounds 6.55 pounds, 


USHOIcOaISEd 2a ai 5: < 7.88 
Net increase in efficiency 
dus tor stokers. 54 2.0). 20 per ct. 


NOTE. Steam consumed by Stoker engine and 
operating mechanism not included. 


Your Committee would again call attention to diffi- 
culty they had in determining subjects on which Data 
and Information is desired and we ask that for the 
help of the next Committee that such information be 
given them either by the Association or Executive 
Committee. 


E. W. Jansen, Chairman. 
Jo G.. Hensel, 
H. G. Myers. 
HR Bucks: 


Report of the Committee on Improvements 


Your committee has endeavored to make this report 
a complete review of all improvements made in electrical 
equipment during the past year of interest to the mem- 
bers of this Association. 

Your committee has taken this up with all manufac- 
turers in any way interested to the number of 235, writ- 
ing them in some cases four letters, and supplimenting 
this letter campaign, the personal work of individual 
members of the committee. 

We feel that the members of this Association will 
find this report of value as a reference volume when 
considering the design or installation of any new equip- 
ment, and hope it will be so used. 


AXLE LIGHTING EQUIPMENT. 


The Adams & Westlake Co. have redesigned their axle 
lighting equipment, and have incorporated in their new 
equipment many desirable features which the experience 
of the last 6 years has shown to be desirable. The gen- 
erator is made considerably lighter and more compact. 
A new type of pole changer is provided which is of the 
cam type. There is no wear on the pole changer parts 
except when actually reversing generator connections. 


The United States Light and Heating Co. report that 
they have re-designed their generator to take all stand- 
ard makes of ball bearings and roller bearings without 
any alteration in the machine itself. 

They are now furnishing the aluminum brush holders 
with all generators, as this metal lends itself readily for 
this work, lightens the brush mechanism and adds greatly 
to the appearance of the apparatus. 

They have so modified the design of their combined 
brush rig and pole changer as to prevent installing the 
same in the generator in any but the correct position. 
The new brush mechanism will interchange perfectly 
with the older types. 

They are now using case hardened steel bushings in 


the eyes of all suspension links, so as to reduce the 
amount of wear at this point and make it easy to restore 
the original size of the whole without destroying or los- 
ing the links. 

They have also designed, and have put into service, a 
self-adjusting spherical tension spring seat. This accom- 
panies all of their standard suspensions and has proved 
to be of great value in reducing the weight of the ten- 
sion rods. 

They have also provided all of their space bars with 
swivel guides which will eliminate all breakage of space 
bar guides near the locking nuts. 

They have perfected a new generator regulator panel 
which is known as the Type S-1 panel. This panel has. 
mounted upon it four pieces of apparatus, namely, the 
automatic switch, generator current regulator, generator 
potential regulator relay. The automatic switch is the 
standard construction which has proved so successful 
for the last fifteen years of service. 

The generator current regulator is an independent 
piece of apparatus and performs but one function, that 
of regulating generator current. The generator poten- 
tial regulator regulates the potential of the generator in 
such a manner that when the voltage of the generator 
shall have arisen to 42 volts, the relay operates and re- 
duces the generator voltage to 35 volts, which is the 
floating voltage of 16 cells of battery. The potential 
regulator will hold the generator voltage at 35 volts re- 
gardless of load, and while the generator speed varies 
from the cutting-in point to the highest possible train 
speed. It is needless to say that maintaining the genera- 
tor voltage as this regulator does at 35 volts, the battery 
current is reduced to zero, as 35 volts is the floating, 
voltage. As the battery current is maintained at zero 
value by this regulator, it does not make any difference 
whether the battery circuit is open or closed. This 
regulator also has the property of enabling the gener- 
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ator to carry any lamp load that may be imposed upon 
the generator, whether circuit is open or closed. 


They have also perfected a new lamp regulator which 
is not more than half the size of former lamp regulators. 
This regulator has been designed especially for use inside 
of railroad cars, or it may be put on a box and mounted 
outside in the customary manner. This lamp regulator 
is controlled by type K relay, which has been in success- 
ful operation during the past year, and which, as before 
stated, is mounted on the type S-1 panel. 

They employ a system of air dash pot construction 
and have applied air dash pots wherever they are neces- 
sary on type S-1 panel and on type B-1 lamp regulator, 
thus eliminating the troubles that arise from the use of 
oil, glycerine and other materials in dash pots. 


The Gould Coupler Company report a number of im- 
provements in connection with their “Simplex” car 
lighting equipment. 

They have brought out new panel type regulators for 
mounting in the car locker, which are known as type 
“BB” generator regulator and type “M” lamp regulator. 
These are arranged for mounting on an angle iron frame 
and connections between the panels are made with cop- 
per straps. They can also be mounted to suit the condi- 
tions of the car locker. 

The type “BB” panel is very similar to their type “B” 
generator regulator, the automatic switch being identical. 
The type ‘““M” panel is a combination of the type “B” 
lamp regulator generally mounted underneath the car, 
and the type “P” multiplier incorporating both on the 
same panel. The several devices are mounted on a slate 
base in suchia manner to easily permit their removal from 
the front and it is never necessary under any circum- 
stances to go to the back of the panels after once they 
are mounted in the car locker. All back connections are 
made with strap copper and each panel is backed up with 
cast iron grids into which are riveted all the studs where- 
on the front apparatus is set. 

All adjustments on these regulators have been elimin- 
ated and after the set adjustments are once made and 
locked at their plant, it is never necessary to make any 
corrections. On the lamp regulator, they have adjust- 
able running weights giving a range of about one volt 
' above and below normal setting for voltage regulation. 
Both panels are standard throughout for all sizes of 
equipments with the exception of coil windings which 
are proportioned to suit the four different sizes of gen- 
erators. 

They have also developed a 1 K. W. machine, the con- 
struction of which is along the same lines as their present 
generators. 

All generators are arranged for ball bearings or 
straight waste packed bearings. 

A new type cable connection box has also been dev- 
eloped which greatly facilitates the removal of the truck 
without interfering with the connections between the 
the generator and the car wiring. 


The Safety Car Heating and Lighting Co. report the 
construction of their new type “F” dynamo regulator 
and their new type “F” lamp regulator. 

The dynamo regulator consists of two pieces of appa- 
ratus, the field regulator and the main switch. The main 
switch is of the closed magnetic circuit form with hinged 
armature carrying a heavy laminated copper contact, the 
whole being of the same design that is universally used 
for contractors for street railway work, and in circuit 
breakers and other switch apparatus. 

The field regulator consists of two coils, a series coil 
carrying the total generator output, and a voltage coil, 
connected directly across the generator, and subject at 
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all times to generator voltage. The plungers of these 
two coils acting through independent levers, vary the 
pressure in the field resistance carbons, giving the proper 
field current strength to regulate the generator output 
for all conditions of speed and battery charge. The volt- 
age. coils prevent the voltage impressed on the battery 
rising above 40 volts, and the series coil prevents the 
total current given out by the generator rising above its 
desired output. ‘ 

The type “F” regulator keeps the battery in approx 
imately a floating condition, for if considerable current 
is used from the battery, then when the car starts the 
battery will take current up to the full capacity of the 
generator and be charged in the shortest possible time. 

The accompanying cut shows the battery charge ob- 
tained with a type “F” regulator set for a maximum 
current of 65 amperes and a maximum voltage at the bat- - 
tery of 40. Two voltage curves are shown, one being the 
voltage at the battery terminals, and the other the voltage 
at the regulator board. The difference between these two 
curves at any point is the voltage drop in the battery 
leads. 


TYPE F DYNAMO REGULATOR 
CHARGING WILLARD P.T.L 13 STORAGE BATTERY 


AT 
63 AMPERES 40 VOLTS 
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The type “F” lamp regulator consists of two carbon 
piles resistances connected in series with the lamps. The 
carbons are compressed by a coil spring, which is con- 
nected by a link, acting through a toggle mechanism to 
the armature of the actuating magnet. 

The Safety generator is now equipped to accommodate 
any of the standard ball bearings. They report that a 
large number of generators have been in service with 
ball bearings for a sufficient length of time to assure 
them that their operation is going to be very satisfactory. 


The Consolidated -Ry. Elec. Ltg. & Equip. Co. have 
designed an entirely new generator suspension. The 
introduction of a new spring belt fastener described later 
under that head, has made it possible to mount the gen- 
erator on a rigid support. The generator is mounted on 
two shoes which slide on two heavy bars and a take up 
screw is provided for loosening and tightening the belt. 
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Axle Pulleys. 


The Oneida Steel Pulley Company have recently placed 
on the market their “Keystone” railroad pulley, the rim 
of which is considerably heavier than formerly, being 
3/16” stock. 

This company also furnishes with this “Keystone” pul- 
ley a corrugated steel bushing, which has the advantage 
of lightness, and on account of its flexibility insures a 
much better grip or fastening on the axle. This corru- 
gated bushing is suitable for use on either tapered or 
straight axles. It is made in lengths longer than the hub 
of the pulley and fitted with malleable yokes or is simply 
fitted in the hub of the pulley without the extra yokes. 
The use of the bushing with the yokes permits lateral 
adjustment of the pulley on the bushing, which is in ad- 
vantage in lining up the pulley with the generator. 

The American Pulley Company ot Philadelphia has 
-designed and placed upon the market a new type of all 
steel bushing for clamping on standard tapered axles. 

Aside from the general design which adapts itself to 


American Malleable Steel Bushing, 


Fig. 2. 


small inequalities in the axle, the manufacturers make a 
particular point of the fact that there is no part of the 
bushing whichi is cast. The hub clamps or yokes are 
heavy pressed steel pieces, which cannot be broken, and 
the nuts are of the best grade of the cold punched castel- 
lated type. A cut of the bushing is shown herewith. 


Belts. 


The Main Belting Company of Philadelphia have, 
within the last year, placed on the market a new belt 
especially designed for railway car lighting service, 
known as the “Leviathan” belt. This belt is made of 
heavy stitched canvas, impregnated with a material which 
is not affected by water, and seems to have all the good 
properties of adhesion or traction necessary in car light- 
ing service. Manufacturers claim that it will not be af- 
fected by either extremely hot or extremely cold weather. 
Manufacturers also state that the stretch has been so 
well eliminated from the belt during its manufacture 
that the normal generator take-up is sufficient to care for 
all belt stretch. 

The Victor-Balata & Textile Belting Co. have recently 
placed on the market their new “Axonelat” car lighting 
belt, which is a modification and an improvement over 
the old Victor-Balata belt, so well known to car fighting 
men. 

The foundation of “Axonelat” is 40 oz. duck of an 
especial weave, from which the excessive or undesirable 
stretch has been eliminated. While under tension the 
duck is impregnated with pure balata gum. 

The edges are sewed with wax end threads and there 
are four rows of special stitching in the body, thus fur- 
ther reinforcing the belt. 
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As an additional protection there is an extra cover on 
the pulley side to act as a cushion and also to keep the 
cinders, that lodge between the surface of the belt and 
the pulleys, from imbedding themselves in the body of 
the belt, thus causing frictional heat and abrasion. 

The Morse Chain Company advise that they have made 
an improvement in their chain drive for axle equipment 
in providing a special chilled sprocket wheel for both 
dynamo and axle. They also state that nickel, chrone, 
vanadium stock is now used in the rocker joint chains. 
Belt Fasteners. 

The Crescent Belt Fastener Company of New York 
report that the points of their rivets have been sharpened 
to permit of their easier penetration of the belt, and 
“Crescent” plates have been curved at the edges to allow 
of a freer movement of the belt as it leaves the pulley. 

The Alligator” fastener, made by the Flexible Steel 
Lacing Company of Chicago, has recently been introduced 


Flexible Steel Lacing, 


Fig. 3. 


for railway car lighting belt service and that company re- 
ports a recent improvement in the fastener in that the 
hinge pin is made up of two sections having oval surfaces 
which rock against each other and largely eliminate wear 
at this point. 

The Consolidated Railway Electric Lighting and 
Equipment Co. report the design of a new spring belt 
fastener. The joint is made in a V shape and seven small 
sturdy springs are riveted across the joint on the top 
side of the belt. When full tension 1s applied these 
springs allow the joint to open up for 14 to 3% of an inch. 


Ampere-Hour Meters. 


The Sangamo Electric Company report a marked im- 
provement in their ampere-hour meters, which particu- 
larly adapts this meter for use in axle lighting service. 
This meter is described fully in another part of this issue. 
It is called the “Variable Resistor” type. There is a 
magnetically operated element in series with the mercury 
chamber and this introduces a resistance when the 
current flows in a charging direction, thus causing the 
meter to register 25 to 30 per cent. slower on charge than 
on discharge, as desired. The company reports that this 
feature can be applied in any capacity of shunted meter, 
the lowest capacity being the 15 ampere meter. 

By providing a cut-out contact at the zero position the 
meter may be employed to automatically control the ope- 
ration of any axle equipment on an ampere-hour basis. 
This improvement is fundamental in its nature and should 
be of special interest to all car lighting men and manu- 
facturers. The Sangamo Company also reports that they 
have improved the details of the standard ampere-hour 
motor—the simple and the differential shunted types. 

They also state that they are about to place on the mar- 
ket a small and comparatively inexpensive type of am- 
pere-hour meter designed especially for use on storage 
battery baggage trucks. 

Ball Bearings. . 

As ball bearings have just recently been applied in rail- 
way car lighting service, we will endeavor to give here 
a brief description of some of the more important types 
of ball and roller bearings whether they involve any rad- 
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ical improvement within the last year or not. It is con- 
sidered that the subject is of sufficient interest to war- 
rant this. 


The railway type “Hess-Bright” ball bearing consists 
of two race-ways, an inner and an outer, the inner one 
being fastened to the armature shaft and the outer one 
resting in the generator frame head. These race-ways 
are simply concentric rings, made from the finest alloy 
steel, hand forged and oil tempered, and finally ground 
and polished within limits of a few ten-thousandths of 
an inch. Between these two, the balls roll. The bearing 
is not full of balls, because the grooves in which they roll 
prevent the insertion of a complete circle; the spacing 
of the balls is maintained, and rigidity imparted to the 
entire element by a heavy manganese bronze separator 
in two halves, riveted together. 


The size of bearing adopted by the ball bearing 
committee of the association is No. 412, and in this size 
of the .bearing the balls are 1-1/16” in diameter. The 
crushing load of each of them is about 90,000 pounds. 


Two bearings are used in each generator, the one on 
the commutator end taking all the thrust, the deep 
grooves of the railway type bearing make it desirable for 
this purpose. 


The “Norma” bearing, designed for railway car 
lighting work, consists of a combination roller bearing 
with a small ball bearing to take the end thrust. The 
highest accuracy is maintained in both roller and ball 
bearings, in fact this company has developed a very com- 
plete line of measuring instruments of extremely high 
accuracy for measuring both the diameter of balls, 
rollers and the interior diameter of the race-ways. An 
accuracy of one-ten-thousandth of an inch can be meas- 
used by these instruments, according to statements by the 
manufacturers. These are imported by the Norma Com- 
pany of New York City. 


The S. K. F. ball bearing is also an imported bearing 
of high accuracy and provides for automatic and instan- 
taneous self-alignment with the bearing itself. A unique 
retainer is provided with this bearing. It is punched and 
pressed from a single piece of Swedish steel, made and 
treated specifically to meet ball bearing requirements. 
' This type of retainer has but little weight and small con- 
tact area against the balls. It seems to combine simpli- 
city with strength and reliability. This bearing is im- 
ported by the S. K. F. all Bearing Company of New 
York City. 


The Railway Roller Bearing Company of Syracuse, 
N. Y., state that their roller bearing has been used ex- 
tensively in connection with cars of the Third Avenue 
Railway Co. of New York City. The main bearing con- 
sists of a roller bearing of a size determined by the 
surface to which it is applied and there is an auxiliary 
ball bearing, in severe cases a double bearing, to take up 
the end thrust. Manufacturers state that experience in 
the Manhattan Elevated train service has shown that 
1% pounds of .non-fluid oil placed in each bearing at 
intervals of six months affords ample lubrication. 


Generator Connectors. 


The Delta-Star Electric Company of Chicago report 
the manufacture of a new connector designed for use in 
connecting axle generators to the wiring on the car body. 
When a generator truck is removed from a car the ca- 
bles are disconnected by simply pulling the plug attached 
to the generator cables from the receptable mounted on 
the under side of the car. The special locking hook pre- 
vents the plug from jarring out even though the clamping 
screw should become loosened by vibration. 
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HEAD END SYSTEM. 


The Westinghouse Machine Company reports the in- 
troduction of a new train lighting turbine set. One of 
the main features of the turbine is that the steam, after 
expansion in the nozzle and passing through the turbine 
wheel, is returned into a reversing chamber and re-di- 
rected on the blades. This permits of absorbing a large 
percentage of the available velocity energy of the steam 
without employing unduly high rotative speeds. The 
dimensions of the set are as follows: 


Length otis aot se oa ee pee 
Witdtl We eee emo s eae eee Pa 
Height! (}. as. i225. 5 ope 3. 
Weight, completes, cau. 7.0 os 3300 Ibs. 


Side View of Connector Showing Slide Cover. 


eeneRaet 
SPRING) 


- atic} 
oor switch) 


In OPERATING 


MA 
Bracket 


REMOVABLE 
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TRAIN CONNECTORS. 


The Delta Star Electric Company of Chicago advise 
that they are now manufacturing a new vertical type au- 
tomatic train lighting connector, the leads for which are 
brought out at the side or end, as may be best suited to 
car construction, and by using the proper type it is only 
necessary to cut three round holes in the car. The cables 
then run directly into the connector, rendering unneces- 
sary any cutting for the connector and eliminating the 
ustial protecting cover for the leads. 

The Conlan Electric Company of New York advise 
that they are now manufacturing a water tight charging 
plug and receptacle. A valve automatically closes the 
opening into the receptacle when the charging plug 
is withdrawn, A rubber gasket, carried by the plug, 
presses against the face of the receptacle when the plug 
is inserted, making a water tight joint. The company 
states that their receptacle is water tight both on charge 
and discharge and that it has been adopted by the United 
States Government for use on battleships and steamships. 
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STORAGE BATTERIES. 


The Edison Storage Battery Company state that the 
improvements made by them during the last year include 
a new type suspension or arrangement of cells in the 
trays such that a dead air space of 2%” is provided be- 
tween the bottom of the cells and the bottom of the trays, 
eliminating grounds at this point, etc. They have also 
increased the contact area at points where the plates are 
secured to the cross bar and have also increased the size 
of the pole or binding post, reducing the resistance of 
contracts to a very low value. Connectors between cells 
are now furnished having a conductivity equal to No. 00. 
The flexible rubber covered cable used for tray connectors 
has been increased to No. O copper. 

The. Electric Storage Battery Company report that 
while there has not been any radical changes in their bat- 
teries for car lighting purposes during the past year, 
there has been a gradual development of the plates best 
suited for this service. 

The Manchester positive with a Plante Permanized ne- 
gative is recommended for car lighting service. 

The Geissler Storage Battery Company of New York 
City state that they have developed a lead sulphuric acid 
type of battery, which does not become sulphated or in- 


_jured on being left without re-charging for any length ot 


time, in either a charged or discharged condition. At 
the present time they are not in a position to supply these 
in the capacity used for railway car lighting service, but 


expect to do so shortly. 


CAR LIGHTING LAMPS AND FIXTURES. 
Lamps. 

The various incandescent lamp manufacturers report 
that carbon and tantalum lamps have to a great extent 
been replaced by mazda and gem lamps, the greater ma- 
jority being the former. This has been due to the devel- 
opment of these lamps to meet the general operating re- 
quirements in all fields. The Mazda lamp is now manu- 


- factured entirely in the drawn wire filament, which has 


established itself in ruggedness and durability. A num- 
ber of new sizes and types of Mazda lamps have been 
brought out within the past year, which include the 10- 
watt train lighting lamp, operating at 1.25 watts per can- 
dle, enclosed in a G-18% bulb, the 10-watt 100 to 130 
volt sign lamp, the 15 and 20-watt regular, 100 to 130 
volts in the S-17 bulb and the 25-Watt, 220 volt 1.35 watt 
per candle in S-19 bulb. 

The efficiency of Mazda lamps on the whole has been 
raised approximately 7 per cent. The higher wattage 
lamps now have an efficiency of 1 watt and 1.1 watts per 
candle. There has also been a reduction in price of ap- 
proximately 40 per cent. during the past year. 


The Heany Lamp Company state that they are under- 


‘going a re-organization and that the name of the new 


outfit will be The Independent Lamp and Wire Co. of 
New York City. i 
Fixtures. 

The Safety Car Heating and Lighting Company reports 
that the wide application of the “Safety” shade holder 
for supporting shades and globes on lighting fixtures in 
railways cars has called for some additional types of 
this particular holder ‘to accommodate various types of 
reflectors and new developments in lighting fixtures. The 
problem of maintaining a reflector in a fixed position in 
relation to the electric lamp filament, has been met by a 
modification of the “Safety” shade holder, wherein a 
wide latitude in lamp and reflector relations is to be had. 
They have also developed a complete line of condulet 
fixtures for baggage and mail cars, wherein the “Safety” 
shade holder is employed. They have also adapted the 
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“Safety” shade holder to the Pintsch mantle lamp, in- 
creasing the efficiency in these fixtures by providing a 
quick method of removing and replacing reflectors and 
shades. 

This company has, during the past year, developed 
several types of indirect lighting fixtures for railway ser- 
vice. The first indirect lighting fixture made by this 
company used an art glass bowl, of such a density as 
to provide a soft illumination of the color design of 
the bowl. Mounted at regular intervals inside a 
bronze band twelve porcelain receptacles were used 
with twelve tungsten lamps. The lamps were 
held in a horizontal position so that the max- 
imum light was concentrated on the ceiling, directly and 
by reflection. The reflector used consisted of a polished 
nickel band running underneath the lamps and of suffi- 
cient width to intercept the maximum flux of light. The 
tip candle power of a tungsten lamp is very small, but 
enough to throw sufficient light across the bowl to illu- 
minate that portion of the bow! directly opposite from the 
lamp. 

They have also developed indirect lighting fixtures 
wherein the bowl of the fixture was metal, having a per- 
forated design, backed by art glass. 

One of the most practical advancements made during 
the past year in lighting fixtures are the reflector-bowl- 
envelope units developed by this company. These fix- 
tures give a high state of illuminating efficiency, com- 
pletely shield the eye from the source of light, and pro- 
tect the reflector and bowl from dirt. This type of unit 
has been developed for both electricity and Pintsch gas. 

The construction of this type of fixture is one in which 
a prismatic reflector and bowl is used, the prismatic bowl 
being surrounded by an opal envelope. 

They have also deveioped a successful method of elec- 
tric ignition for the Pintsch mantle lamp, and have en- 
tric ignition for the Pintsch mantle lamp, and have em- 
bodied this principle in several types of fixtures. For 
coaches or cars having a simple layout of lamps, a mag- 
neto is used for generating the igniting spark, and it is 
only necessary for the attendant to turn on the gas at the 
main cock and turn the magneto handle to light the 
lamps. 

The Benjamin Electric Company state that they have 
perfected a new car lighting ceiling fixture supplied witly 
a two-part porcelain socket with lamp grip, this fixture 
being adapted to firmly clamp the reflector with the or- 
dinary 2%4” fitter by means of 3 springs and a cam 
clamping device, locked in its clamped position by a bolt. 

They have also developed two forms of sockets with 
lamp grip for car lighting, one of which is adapted to at- 
tach to outlet box; the other in the form of a two-piece 
wall socket which can be supplied with brass covers. 

Pass & Seymour, Co., have now a full brass line of 
“Shurlock” locking sockets and receptacles. The “Shur- 
lock” prevents theft of lamps and reflectors, also prevents 
lamps working loose from vibration. 


Shades and Reflectors, 


The Nelite Works of General Electric Co., formerly 
the Holophane Co., has continued on a large scale the 
development of rerlectors and lighting accessories tor car 
lighting, begun last year, and reported upon by your 
Committee. The new developments in car lighting units 
include the following. 

A prismatic reflector, No. 18221, with 214” neck for 
day coach lighting with 50 watt lamp from center deck. 

A prismatic reflector, No. 18321, with 4%” neck for 
day coach lighting from half deck, with 15 watt or 25 
watt lamp. 
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A heavy density opal reflector (of the glass known as 
White Iris), No. 18226, for day coach lighting with 50 
watt lamp from the center deck. This reflector has a 
2% neck: 

A heavy density opal reflector (of the glass known as 
White Iris), No. 18621, for day coach lighting from the 
half deck, with 15 watt or 25 watt lamp. This reflector 
has a 2%” neck. 

A medium density opal reflector (of the glass known as 
Pyro), No. 18746, for day coach lighting from the center 
deck, with 50 watt lamp. This reflector has a 414” neck. 

The development, in co-operation with the Safety Car 
Heating and Lighting Company, of a reflector-bowl-en- 
velope type of unit, for lighting of parlor cars, dining 
cars, etc., with 50 watt or 75 watt lamp from the center 
deck. The reflector and bowl of this unit bear the catalog 
number 18312. This type of unit has the highest illu- 
minating efficiency of any enclosing unit yet designed. 
The employment of an envelope greatly decreases the 
necessity for maintenance attention in order to maintain 
the glassware in a suitably clean condition, while at the 
same time it adds to the artistic appearance of the unit 
as a whole. 

The development, in co-operation with the Safety Car 
Heating and Lighting Company, of a reflector-bowl-en- 
velope type of unit, for the Pintsch mantle lamp. This 
unit closely follows the general construction of the elec- 
tric unit referred to above and possesses all the excellent 
features of that unit. 

Two aluminumized metal reflectors for postal car 
lighting with Pintsch mantle lamp. One of these, No. 
18418, is designed as the main unit to be located down 
the center of the postal car. The other, No. 18490, is 
designed for lighting the letter cases. 


Two porcelain enameled reflectors for postal car light- 


ing with Pintsch mantle lamp. One of these, No. 18417, 
is designed as the main unit for lighting car down the 
center deck. ‘The other, No. 469, is designed for lighting 
letter cases. 

An enameled metal reflector, No. 18441, for baggage 
car lighting with a 15 or 25 watt lamp. 

An enameled metal reflector, No. 18441, for gagge car 
lighting with a 15 or 25 watt lamp. 

A hexagonal reflector bowl unit for buffet or library 
car lighting. The reflector and bowl of this unit bear the 
combination number 18386. The unit is designed for use 
with a 50 watt lamp, and is intended to be used as a half 
deck unit. It is claimed by manufacturers that this is the 
first unit placed on the market which represents a fully 
adequate engineering and practical study of library car 
lighting. 

A vestibule lighting unit, No. 18415, designed for pas- 
senger car vestibule lighting with 15 watt or 25 watt 
lamp. This unit consists of a porcelain enameled meta! 
reefictor, equipped with a weather-proof socket of stand- 
ard construction and especially chosen with regard to the 
severe requirements of the service. The unit is in- 
tended to be set up into the vstibule deck, preferably on 
either side of the door, the bottom of the unit coming 
flush with the under surface of the deck. 


The Holophane-D’Olier Line of metal reflectors has 
undergone a tremendous development within the past year. 
The aluminumized reflectors of this line are furnished in 
two types, the well-known Extensive and Intensive. The 
porcelain enameled reflectors are furnished in two types, 
—the deep bowl and the shallow dome reflectors. Both 
aluminumized and enameled reflectors are furnished with 
a large variety of holders to fit all conditions of service. 
These various holders include the clip spring holder, the 
type of holder with which Holophane-D’Olier reflectors 
were originally equipped; the clamp strap holder, a clip 
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spring type which locks to the socket, preventing all dan- 
ger of the reflector working loose; standard 214” heel 
for use with separable holder ; the porcelain socket holder, 
a type which permits the use of reflectors with ordinary 
weather-proof sockets ; the solid extension, a one-piece re- 
flector and holder proposition, the holder attaching rigidly 
to a 3%” pipe suspension, or being furnished with cord 
bushing for drop-cord work; and finally, the threaded 
extension, an extension possessing all the desir- 
able features of the solid-piece reflector socket type, 
but permitting the easy removal of the reflector from its 
socket holder, and the substitution of another size of re- 
flector, whenever such a change is desired. 

All of the above types of holder are offered in combi- 
nation with any of the aluminumized or porcelain enabled 
metal reflectors. This offers a combination of four (4) 
types of distributions with six (6) types of holders in 
five (5) sizes. In short, the customer has the choice of 
120 standard metal reflectors, from which to meet all 
requirements as to lamp size, method of mounting and 
type of distribution. It is believed these will meet every 
demand for practical lighting, and most demands for spe- 
cial lighting with metal reflectors. 

The Jefferson Glass Co. state that they have designed 
a new Doric line of shades, as shown herewith, the main 
idea in their design being that they have no grouves or 
indentations to catch and hold the dirt. The shade is at 
the same time of a very effective, classic design. 

The Haskins Glass Co. report that it has improved its 
“Lucida” line of reflectors for car lighting by decreasing 
their weight fully 20 per cent, this being accomplished by 
pressing the reflectors thinner, thereby allowing more 
light to be transmitted, and consequently increasing their 
total efficiency, though the diffusing qualities and rugged- 
ness of the reflectors have not been interfered wita. 

New and unique designs in elaborately decorated shal- 
low bowls in “Lucida” glass for railway car center deck 
lighting are now being brought out. Also, pendants of 
new and varied shapes with etched designs. 

The Macbeth-Evans. Glass Co. report that an improved 
chemical composition of Alba glass has caused a so-called 
softening of the texture of the glass leading to more 


Alba Bowl. 


Fig. 4. 


pleasing appearance and better diffusing powers and ulti- 
mately resulting in lighter weight shades and globes. 

An improved heating treatment has led to a still fur- 
ther improvement in appearance and gives much higher 
values of reflection from shades so treated. The advan- 
tageous result coming from lighter weight pieces of Alba 
glass of lower absorption has favored the development of 
shallow bowls that are particularly suited for flat fixtures 
in the center decks; or plaques, both round and oval, for 
bulkheads. 

For coach lighting the best type of Alba shade recently 
made is the deep bowl shaped No. 3429. This for center 
deck lighting with 50 watt G 30 lamp used in the 34” po- 
sition gives excellent optical protection from bare fila- 
ment. With the usual 5 ft. spacing this combination of 
lamp and shade furnishes close to 4 foot candles average 
illumination or over 40 per cent useful lumens. Where 
bowl frosted or enameled lamps in the G-1814 bulb are 
satisfactory the new distibuting Alba shade No. 3417 has 
been developed. 
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The requisites of higher efficiency, commercially inex- 
pensive and non-glaring or non-tiring reflectors have been 
followed to culmination in a new type of opal shade of 
Alada glass distinctly different, being of a glass free from 
the yellowish tint of the oldtime opal. These shades are 


Fig. 5. New Deep Bowl Alba Shade. 


given a fine satin finishing interior treatment that pre- 
vents direct reflection from the filament but is not so 
rough as to catch dirt. They are especially well adapted 
for use in postal cars and baggage cars. 


FANS. 


The-General Electric Co. has developed a new fan of 
very attractive lines and with several improved points of 
design for railway service. The unique feature of the 
fan is the baseplate, which is provided with spring con- 
tacts and is mounted on the car participations. The ni- 


tor base has pins which hook over the large screws on 


New G. E. Railway Car Fan, 


Fig. 6. 


the baseplate, allowing the motor to be removed readily 


_from the wall without taking out the screws or marring 
the car finish. Contact plates on the motor base make 


contact with the springs on the plate, so that the removal 
of the motor does not disturb the wiring connections. 
The plate remains on the partition the year around, and 
in the fall when the fan is taken down a neat cover fits 
over the plate. The bases and baseplates are interchange- 
able. 

The motors are totally enclosed and dust proof. They 
can be wound for double voltage operation, which is 
accomplished by the opening and closing of a single con- 
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tact that not only changes the motor winding but at the 
same time alters the value of the control resistance. 

By means of a special friction arrangement in the mo- 
tor base and through the yoke connections, the fan is pro- 
vided with both horizontal and vertical adjustment. Easy 
accessibility to the commutator and motor interior is se- 
cured through a drop cover at the back of the motor. 
The two brushes and brush holders are readily taken out 
by loosening a screw in each case. ‘The tan hub 1s titted 
with oil slings, whereby all oil working out on the shaft 
is thrown back to the oil wells. The armature and com- 
mutator are mounted on a brass sleeve and the shaft is 
of tool steel. Fans are finished with any special finish to 
suit requirements. 


The Westinghouse Electric & Manufacturing Co. ad- 
vise they are now making fans with drawn steel frames.. 
They state that this fan is of very high efficiency, light 
weight, and is of a very pleasing design. The new mech- 
anism for oscillating these fans is totally enclosed and 
works in a lubricant. The fan can be changed from the 
oscillating type to the stationery type while in operation, 
and vice versa, and a clutch is provided which allows the 
blades to revolve if the oscillation is interfered with. 


Thompson Electric Co., Cleveland, has developed a 
new cut-out lamp hanger which makes it possible to 
lower any arc lamp or tungsten unit right down to the 
ground from any height. When lowering, the lighting 
unit is entirely cut-out of circuit and in both locking and 
unlocking hanger there is no jar or jerking which might 
injure tungsten filament. 


Hanger Casing Removed and 
Lamp Lowered. 


Lamp in Position, 


SHOP AND YARD LIGHTING. 


The Cooper-Hewitt Electric Co. have during the past 
year, perfected the manufacture of their quartz tube mer- 
cury vapor lamp and it is now offered for railroad service. 
The light given by this lamp is considerably more yellow 
then the original mercury vapor lamp. It is offered in 
units of 1000 m. 1. h. c. p. candle power, 110 volts, 4 
amperes, and 2700 m. 1. h. c. p. 220 volts, 3.5 amperes. 
A magnetic device is supplied for automatically tipping 
the tube so as to strike the arc when the lamp is turned 
out. The manufacturers state that the life of these 
tubes is from 2000 to 4000 hours. 

The Benjamin Electric Co. state that they have per- 
fetced a new lamp and grip, which will be embodied in 
their reflector sockets, supplied for shop, train-shed, plat- 
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form and yard lighting. This same gripping device will 

also be employed in sockets furnished for car lighting. 
They have also added a line of wire lock guards for sin- 

gle lamps and clusters. These guards may be employed 


Fig. 7. Benjamin Lamp Grip. 


without locks, but are arranged so that a small size pad- 
lock may be used. 

The Wheeler Reflector Company has developed two 
styles of Reflectors of special interest to the railway 
trade. 

Ist. The WER type, which consists of a Porcelain 
Enameled Steel Canopy for a socket housing with a 
threaded copper screw ring. The Reflector part of the 
unit has a threaded collar which screws into the screw 
ring of the canopy. This allows the Reflector to be 
easily removed from the canopy for cleaning. 


Fig. 8. Wheeler Screw Type Reflector. 


2nd. The NEK type. This is a Parabolic Angle Re- 
flector specially suited for roundhouse lighting. This is 
made for all sizes of lamps up to 500-watts. 


MOTORS AND POWER EQUIPMENT. 
Motors, 

The Burke Electric Co., of Erie, Pa., have designed a 
new speed change device, which is essentially a very com- 
pact combination of the cone pulley“and back gear princi- 
ple. Provision is made whereby the belt on the cone pul- 
leys may be tightened to prevent slipping when running 
‘at slow speeds. This device is taken up more fully by 
the Committee on Shop Practice. 

The Garwood Electric Co., of Garwood, N. J., advise 
that they have made improvements in both the mechan- 
ical and electrical design of their reversing planer motor, 
to meet the severe requirements of this service. 

The Westinghouse Elec. & Mfg. Co. state that they 
have developed the reversing motor equipment for ma- 
chiines such as planers, shapers, slotters, gear cutters, etc. 
A special controller, which is automatically operated by 
the movements of the driven machine itself, has been de- 
signed for use in connection with this motor, The 
motor is directly connected to the machine without belts, 
pulleys or countershafts. The motor is of the adjust- 
able speed, commutating-pole type, strongly built, semi- 
enclosed and especially suited for the work. The arma- 
ture is relatively long and of small diameter, 
making the inertia low, as required for quick reversing. 
The speed adjustment is entirely by field control, and 
the commutatoin is good at all adjustments and loads 
within the motor capacity. 
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This equipment is operating in several railway shops. — 
When substituted for belt drive on old planers, the out- 
put of the planers has been materially increased, and the 
expense of operation reduced. The introduction of these 
equipments throughout their shops is being seriously con- 
sidered by several railroad and steel companies. 

The panel starter (type S) affords a very compact de- 
vice for starting and protecting motors up to and includ- 
ing 60 HP., 115 volts, 125 HP., 230 volts, and’ 250° His 
550 volts. On the front of a single panel is a line switch, 
shunt magnet switch for closing and opening the main 
circuit, an overload relay and a single pole, multi-point 
knife switch for cutting out starting resistance in steps. 
The magnet switch opens promptly on failure of voltage 
or on overloads. 

Overload and no-voltage release features, as well as a 
dynamic braking feature, are now available for use with 
Westinghouse machine tool controllers. The need of 
these features has been strongly emphasized by railway 
electrical engineers, who will accordingly appreciate their 
development. 

‘The Fairbanks-Morse Co. state that in manufacturing 
their induction motors they now fuse the ends of the ro- 
tor bars to the end rings of the armature instead of em- 
ploying a clamped or soldered joint as formerly. This 
makes a joint which is perfect electrically and exceed- 
ingly strong mechanically and at the same is free from — 
oxidization. 

ELECTRIC TRACTION. 


The General Electric Co. report many changes of ex- 
isting electric railway plants from 600 to 1200 volts. They 
also state that work is now in progress on the contract 
taken for the electrification of the Butte, Anaconda & Pa- 
cific Ry., between Butte and Anaconda, Mont., for opera- 
tion on 2400 volts direct current. This is.a distinct ad- 
vance over previous practice; for it represents the first 
railway electrification for operation on as high a voltage 
as 2400 volt direct current in this country, and is, more- 
over, one of the largest installations of electrical equip- 
ment on a road formerly operated by steam. 


Fig. 9. 


Electric Locomotive. 


Seventeen 2400 volt direct current locomotives of the 
articulated truck type, each weighing 75 tons, are included 
in the equipment. Fifteen of these are for freight and 
two for passenger service. Each locomotive will be 
equipped with four GE-229, 1200 volt, commutating pole, 
twin geared motors, insulated for operation two in series 
on 2400 volts. Control of the motors will be effected 
through special Sprague-General Electric Type M coni- 
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trol equipments, a dynamotor being used to furnish 600 
volts for the operation of the contactors, also the lights 
and air compressor. The dynamotor will have two wind- 
ings, 1800 and 600 volts, and will be direct connected to a 
blower for ventilating the motors. 

Flexibility is to be the essential characteristic of the 
overhead conductor system in connection with the 2400 
volt electrification on the Butte, Anaconda & Pacitic Ry. 
A special type of flexible catenary trolley suspension wil 
be employed over some of the sidings and smelter tracks. 
Single 4/0 copper trolley wire is to be used throughout ; 
and single 14 in. galvanized steel messenger cable will be 
strung for the catenary suspension, which will be sup- 
ported every 150 feet by side brackets on the main line 
and by cross span construction in the yards. 

The gas-electric car of the General Electric Co. repre- 
sents a recent development of a self-propelled unit for 
railways ; for a flexibility of operation is obtained through 


the direct application of electric power for motive drive 


that results in a safe, reliable, convenient and economical 
means of transportation. A smooth and rapid accelera- 
tion of the car is obtained without rheostatic power losses 
or gear changes by varying the strength of the generator 
field. This is an essential improvement introduced by 
the gas-electric car. 


Fig, 10, Starting Panel. 


Controllers, 
The Electric Controller & Mfg. Co. of Cleveland, re- 
port developments and improvements in their control- 


_ lers and starters for motors, in sizes up to and including 
' 200 H. P. A single contractor, which is operated by a 
_ coil in series with the motor circuit, is employed. This 
is locked in the open position when the motor current is 


in excess of a certain value, but closes when the current, 
due to acceleration of the motor, drops to the value at 
which the switch is adjusted. The closing of a number 
of these switches cuts out progressively portions of the 
starting resistance, providing maximum acceleration with- 
out excessive current. With this type of automatic 
starter it is only necessary to close the line switch to 
start the motor and open the switch to stop it. 

An automatic controller for machine tools is furnished, 
which not only limits the current values at all times but 
may also be used for reversing the motor, stopping it by 
dynamic braking and starting in the reverse direction. 
The same limitations, of current flow are maintained. 

They also state that they are using a resistance wire 
of no temperature co-efficient in all of their motor field 
theostats. 
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Fuses. 


The A. F. Daum Co. of Pittsburg, have made several 
improvements in refillable fuse shells. The knife blade 
types formerly made with washer contacts and the 
terminals screwed on the tubing, are now made with 
brass bars lain across the ends of the tubing, clamping 
the ends of fusible element tightly against inside of 
terminals by means of screws on the outside, the ter- 
minals slip over the ends of tubing and clamp on. Blades 
are easily aligned. Type B ferrule contacts are greatly 
improved with different contact arrangements to meet 
the different working conditions. This company has 
also perfected a simple refillable fuse plug of standard 
size and shape. 

The Economy Fuse & Mfg. Co., Chicago, during the 
past year have added several sizes of fuses to their line. 
The makers now guarantee’the rating and performance 
to be in strict accordance with the specifications of the 
National Board of Fire Underwriters, although the 
product is not officially approved by the National Board 
at this time. f 

A venting arrangement has been provided which per- 
inits the escape of gases through an angular and circu- 
lar path without the possibility of external venting of 
fire. 


Instruments. 


The American Ever Ready Co. state that they now 
provide their eelctric flash lights with a permanent con- 
tact so that they may snap closed while lit. 

The Westinghouse Electric & Mfg. Co. state that they 
now manufacture meters of the D’Arsonval principle, 
with the single air gap construction. Two permanent 
magnets are now clamped together before being mag- 
uetized and edged, and this results in the minimum 
weakening of magnets in service, a stronger magnetic 
field, which results in a high torque meter. The mov- 
ing element can be taken out by merely removing the 
upper bridge. 

The Weston Electrical Instrument Co. state that they 
have just placed on the market a new line of small in- 
struments for portable and switchboard service. These 
can easily be carried in the pocket yet are of high ac- 
curacy and of sturdy construction.  , 

The Roller-Snuth Co. state that all switchboard and 
portable D. C. instruments are provided with the re- 
silient jewel mounting, which protects the jewel and pivot 
against rough usage. 

They have also developed a new line of inexpensive 
horizontal edgewise A. C. switchboard instruments. 

They also state that their new shunted astatic D. C. 
watthour meters are furnished in capacities up to 20,000 
amperes. 

L. M. Pignolet Co., of New York City, state that 
they are now making a new line of compact volt meters, 
ammeters and volt-ammeters. They provide an easy 
means for correcting the zero or other errors arising 
from rough handling. Instruments are of a handy 
pocket size and inexpensive. 

J. G. Biddle Co. of Philaedlphia, state that they have 
developed a new line of Megger testing sets, which makes 
it possible to measure resistance within wide limits direct, 
just as current is measured by an ammeter. A small 
D. C. hand dynamo in the same case furnishes current 
so that no outside source of energy is required. For 
measuring low resistances the bridge Megger is found to 
be more convenient than the usual Wheatstone bridge. 

Foote, Pierson & Co. of New York City, have devel- , 
oped a new small portable photometer for use in car 
lighting work. This employs a small standard lamp, 
storage or dry battery for which can be carried in the 
pocket. The dimensions of this are 214 x 3% x5". 
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They also state that they have just brought out the 
Weaver portable testing set for railway block signals, 
which consists of a special Weston volt ammeter with 
necessary shunt, two slide wire rheostats arranged to 
work separately, series or parallel, and a volt-ammeter 
indicating switch. The instrument is encased in a leather 
carrying bag. 

The Hoskins Mfg. Co. of Detroit, who have taken 
over the manufacture of International meters, state that 
these meters are now made with a one-piece pole shoe 
construction, which makes the meter more robust. 

They also employ the unit support of moving parts, 
which permits of all moving parts being easily removed. 

They also have developed a resilient pivot mounting 
for their bearing, which makes their portable meters 
capable of standing severe jars without impairing their 
accuracy. 


Resistance Units. 


The Ward-Leonard Co. of Bronxville, N. Y., state 
that they are now making their enameled resistance units 
of a zero temperature co-efficient. These are wound on 
the pottery tube and the whole unit covered with a baked 
enamel. They furnish these units with ferrule ends so 
that they can be mounted on fuse clips where desired. 
They state that they have developed their process so that 
they can now furnish resistance as high as 10,000 ohms 
upon a unit 7/16” in diameter and 8” long. 


Lighting Arresters. 


The Westinghouse Electric & Mfg. Co. state that they 
have developed a new type “B’ arrester for pole mount- 
ing on 1500 volt D. C. circuit. This is of the magnetic 
blow-out type with the usual circuit, but when the lower 
half is let down the line circuit to arrester is opened and 
the active parts are dead, thus permitting safe inspection 
and repair. 

They have also developed the electroletic arrester and 
now offer it for either 600 or 1500-volt circuits. The 
units consist of three standard A. C. aluminum trays for 
600-volt service and seven for 1500-volt service. The 
space between trays is filled with oil for insulation and 
heat conducting purposes. The whole is encased in a 
substantial iron tank. 


Circuit Brakers. 


The Roller-Smith Co. state that in their new indus- 
trial type breakers copper parts are not finished. This 
in an inexpensive, sturdy breaker, but of sufficient ac- 
curacy for most industrial work. 

The Westinghouse Electric & Mfg. Co. advise that 
their line of “C. A.” breakers have been practically re- 
designed in the last year. They are now available in 
all capacities from 1,200 amperes up to 14,000 amperes. 
The carbon arcing contacts are now copper plated on 
the backs and sides to as to make a very low resistance 
contact at this point. This results in a larger portion of 
current being actually broken by the carbons instead of 
the secondary and tertiary copper contact. 


High Tension Switches. 


The general tendency toward the employment of high 
voltages in connection with railroad service has devel- 
oped a demand for both indoor and weatherproof highi 
voltage disconnecting or sectionalizing switches and 
fuses. 

To meet these requirements the Delta-Star Electric Co. 
of Chicago, has developed and standardized a complete 
line from 1,100 to 110,000 volts. All the high voltage 
switches are equipped with automatic locking blades pre- 
venting accidental opening. 

The Standard Underground Cable Co. has brought out 
several new high tension junction boxes, which’ facilitate 
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interconnection of multi-conductor cables. These boxes 
make it possible to bring the multi-conductor cables into 
the junction boxes without separating them into single 
conductor cables. 


ELECTRIC HEADLIGHTS. 


The manufacturers of the Pyle-National headlight 
state that they have recently placed on the market what 
is known as the type “E” equipment. The arc lamp, 
armature, brush holders and ball bearings are the same 
as employed in the old-style equipment. The principal 
feature of the turbine is steam economy. ‘The manufac- 
turer states that this turbine operates on 160 pounds of 
steam per E. H. P. per hour. The entire equipment has 
been simplified as much as possible to minimize upkeep 
and repair. 

The Remy Electric Co., who recently took over the 
manufacturing interests of the R. G. Peters Headlight 
and the American Headlight, report that their turbine 
wheel has been strengthened and their bucket and nozzle 
design modified to give greater steam economy. The 
diameter of the generator end of the shaft has been in- 
creased and the main bearing bushing re-designed to 
eliminate oil throwing. Both diameter and length of the 
commutator have been increased and the generator end 
bracket is made much stronger and has been re-designed 
to allow plenty of room to get at the commutator. 

‘A larger ball bearing is now used on the dynamo and 
bracket. The top and bottom brush holders are made 
interchangeable and the size of the brushes increased. 
Governor parts are now made of malleable iron instead 
of brass. A new lower electrode holder has been de- 
signed for the arc lamp. 


The Esterline Co., of Lafayette, Indiana, have devel- 
oped a graphic meter for recording the output of motor 
drive of various machine tools. 

Their graphic volt meter may be used for checking 
up the performance of any car lighting system on the 
road. 

They have also developed a magnetic type generator 
which when driven from the axle may be used to indi- 
cate a continuous record of train speed. 

They have also developed an axle generator outfit for 
locomotives which is driven by a flexible drive and with 
a storage battery auxiliary supplies current for the head- 
light, signal and cab lights. Their incandescent headlight 
can be lighted every time the individual locomotive gen- 
erator or the train lighting system as desired. A plate 
glass parabolic reflector is provided which is accurately 
ground to size and shape, and silvered to give a mirrored 
reflector. The manufacturer states that an incandescent 
lamp in this reflector seems to have a very high penetrat- 
ing power. While being of a soft mellow color, does 
not have the blinding effect or an arc lamp on double 
track division. 


VENTILATING EQUIPMENT. 


B. W. Mudge & Co. report the development of a new 
combined blower ventilator, in which a modified Sturde- 
vant blower of the multi wave type operates in conjunc- 
tion with a Garland ventilator of special design. The 
motor of the blower is connected direct across the auto- 
matic switch and when the train is at rest the blower 
will maintain a reasonably good ventilation of the car. 
When the train gets up speed, however, and the genera- 
tor becomes operative, closing the automatic switch, the 
blower motor is automatically cut out of service. 

The Horning Electric Mfg. Co. of Cleveland, state 
that they have recently brought out an adjustable blower 
which is somewhat different in its design from other 
types, in that the velocity of exhaust is considerably 
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just developed a new insulation cutter. 
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higher. The entire blower case can be revolved about 
the motor axis so as to make connections with the piping 
at any angle desired. 

The Railway Utility Co. of Chicago, state that they 
have recently developed a new portable vacuum cleaner, 
the weight of which is but 10 pounds, yet cleans rugs 
and cushions with a powerful suction. When not in 
use this may be placed on the back of a locker door in 
the space ordinarily occupied by a broom. 

The construction of the cleaner is simple and sub- 
stantial. A small high-speed motor is direct connected 
to a fan, which creates the suction. 

They also state that they have developed an electrical 
thermostat control for car heating systems, which will 
automatically control the temperature at any point de- 
sired from 60 to 74 degrees. Small platinum wires are 
sealed directly into a thermometer tube at certain points 
and a plug connection is provided so that an electrical 
contact may be made as the mercury rises to any certain 
point in the thermometer. Auxiliary apparatus is de- 
signed to control both steam heating and electric heat- 
ing systems. 

The Vacuum Car Ventilating Co. of Chicago, state 
that they have improved their device so that it now auto- 
matically cuts in additional electric heaters to take care 
of extremely cold weather. 

They also state that_they have re-designed their in- 
take connection, which has resulted in reducing the 
weight. 


WIRE AND WIRING DEVICES. 


The Belden Mfg. Co. of Chicago, state that they have 
a newly equipped rubber wire plant and are now pre- 
pared to furnish all kinds of rubber covered, insulated 
wire. They also state that there has been a steady im- 
provement in the uniformity, toughness and flexibility 
of the insulation on their enameled wire. 

Mathias Klein & Sons of Chicago, advise that they have 
The purpose of 
this tool is to remove sections of insulation or wire so 
as to take out a connection and do it with a single opera- 
tion instead of paring off with a Jack knife. 

They also state that their new “Chicago Grip” has 
been designed for use on both plain and insulated wire. 
Switches. 

The Hart & Hegeman Mfg. Co. of Hartford, Conn., 
have developed a new miniature push button switch for 
car lighting circuits, particularly berth lights. The 
mechanism of this switch is similar to the standard 
house wiring switches and it can be furnished in both 
single pole and three-way types. 
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They have also brought out a fusable porcelain coy- 
ered, 600-volt, barrier switch, in single pole, two-circuit 
and three-way types. . 

The Bryant Electric Co. of Bridgeport Conn., have 
brought out a new line of “Wrinklet” fixture sockets. 
These are of small size, especially designed for car fix- 
ture work. 

They have also developed a complete line of small 
push button switches suitable for individual car circuits. 
This is made up with lock type and keys if desired. 


MISCELLANEOUS. 


The Western Electric Co. report a new semaphore sig- 
naling system. The semaphores, located at various sid- 
ing where there are no operators, may be operated selec- 
tively by the dispatcher himself, and an answer back 
signal is also provided so as to indicate to the dispatcher 
that the semaphore has been properly set 
Electric Welding. 

The past year has witnessed a very active develop- 
ment in electric welding apparatus. This has been suc- 
cessfully applied to all work in the railroad field, such 
as repairing broken frames, broken spokes, broken axles 
and shafts, welding tubes in flue sheet, repairing cracked 
seams leaking portions of boilers, etc. 

These welding outfits usually employ either graphite 
or Swedish iron electrodes, according to the class of 
work in hand. For railroad shops a malleable unit equip- 
ment is supplied, which permits of any number of opera- 
tors working at any point in the shop at the same time 
from one single unit. 

These welding outfits are now furnished by the Gar- 
wood Electric Co. of Garwood, N. J., the Lincoln Elec- 
tric Co. of Cleveland, O., and the Simond Winzell Elec- 
tric Welding Co. of New York. 


Electric Tools. 


The Electro-Magnetic Tool Co. of Chicago, has added 
a new and larger size to their line of electric hammers, 
particularly recommended for drilling holes up to 114” in 
diameter in concrete and stone. 

This tool, while operating in the same manner as do 
pneumatic tools, eliminates the necessity of air compres- 
sors and piping and has the advantage of being operated 
directly from lighting circuits. 

The Pyrene Fire Extinguisher in its improved form 
is especially adaptable to electric railway service; not 
only in the power house but also in their cars. Pyrene 
is a non-conductor of electricity and therefore can be 
used on high voltages without damage. 


Report of the Committee on Installation of Winng for 
Electric Light and Power in Railway Buildings 


Your Committee on Installation of Wiring for 
Electric Light and Power in Railway Buildings has 
held a number of meetings and is pleased to submit 
a report as follows 

We have not considered it advisable to prepare any 
rigid or elaborate specifications; but rather offer some 
general recommendations and suggestions which, if 
followed in a general way, will result in giving a first 
class and thoroughly satisfactory installation. 

We fully realize that local conditions will have con- 
siderable weight in determining the numerous de- 
tails in any installation, as will also the personal ex- 


periences and views of the various engineers planning 
and installing the work. 

In view of all these facts we have endeavored to 
present specifications and recommendations that will 
enable an engineer to make a perfectly safe and thor- 
oughly up-to-date installation, and yet incorporate his 
individual ideas. 

For convenience in considering this subject we have 
sub-divided it under eight heads as follows: 

First: Round Houses. 

Second: Machine Shops, Boiler Rooms and En- 
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Third: Store Rooms, Oil Rooms and Oil Storage 
Rooms. 

Fourth: Coal Sheds and Coal Chutes. 


Fifth: Cinder and Ash Pits. 

Sixth: Passenger Stations. 

Seventh Passenger Station Platforms. 

Eighth: Freight Stations. 

Taking these sub-divisions up in order we have: 

First:—Round Houses. There are a number of 
methods in use for installing wiring in Round Houses. 
1st. There is the outside wiring on the roof, where 
all service and circuit wires are carried either open on 
horses or other supports, or in conduit laid on the 
roof. The wires for the drops are run through the 
roof. This method is not to be recommended, as any 
cutting or boring of holes through the roof is objec- 
tionable. 2nd. The installation of open work wiring 
upon the ceiling of Round House, using the roof 
beams and boards as supports. While this method 
has given fairly satisfactory results in a number of 
instances, we would not recommend it. 3. The in- 
stallation of the wiring in conduit carried under the 
floor. We believe that this method has not been 
adopted to any great extent and we would not recom- 
mend it. 4. The installing of all wiring in conduit, 
the latter carried either upon the outside of the outer 
wall, or upon the inside of same. This is the method 
we would recommend and submit the following spe- 
cifications and recommendations. 

All wires for this class of building should be placed 
in conduits. Conduits to be carried on either the out- 
side of the outer wall or on the inside of the building. 
Where conduit is carried on the inside of the building 
it should be placed upon the outer wall over the win- 
dows and at as low a point as the windows will per- 
mit. For general illumination around a Round House 
we recommend the use of some type of headlight re- 
flectors placed upon the outer wall in the stalls and 
approximately 8 to 12 feet above the floor. A very 
satisfactory arrangement is to place two such reflect 
tors at the head of the stall and one at the foot. 

For portable lamps it is advisable to run conduit 
down at least one post in each stall to a point about 
6 to 6% feet from the floor where a receptacle should 
be installed. For the extension use packing house 
cord fitted with a plug at one end and a weatherproof 
socket with handle and wire guard at the other end. 

Conduits placed over 16 to 20 feet above the floor 
are subject to corrosion and should be avoided in all 
cases. 

The permanent lights in each stall should be con- 
trolled by a switch located at some convenient point 
on the outer wall. The portable lighting circuit should 
be independent of other circuits and so connected as 
to be alive at all times except when main switch is 
open. 


Second :—Machine Shops, Engine Room. and Boiler 
Rooms. There are practically only two methods of 
wiring for such buildings. Ist. The open or mill 
construction for lighting and conduit for power. 2nd. 
Complete conduit construction for both light and 
power. This is the method we would recommend and 
submit the following specifications and suggestions 
covering same. 

Machine Shops. This wiring may be divided into 
two sections, for lighting and for power. 

Lighting. lor general lighting the wiring should be 
run in conduit overhead, provided with suitable outlet 
boxes at the desired locations. The lighting fixtures 
should be tungsten clusters or high wattage units. No 
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drops should be used. Rigid fixtures are recommended. 
For the lighting of individual tools wires should be 
run in separate conduits under the floor to a recepta- 
cle located upon or near the tool. An extension 
should be: provided, made up of a plug, a sufficient 
length of packing house cord and a weatherproof 
socket with handle and wire guard. 

Power. The wiring for power should be run in 
conduit under the floor, and a separate circuit should 
be run direct from the panel box to each tool. All 
motors of over 5 horse power should be provided with 
starting apparatus having overload and no voltage 
attachments. 

Each motor circuit should be controlled by fuses 
located in the panel box, and in no case ‘should two 
or more motors be controlled by the same fuses. 

Wiring for machine tool and other motors should 
be figured at the full capacity of the motor for each 
individual motor. The feeders supplying power cir- 
cuits may be figured at 70 per cent of the total aggre- 
gate capacity of the motors it supplies. 

All wires, supplying current to motors, where placed 
in conduit underground and subject to dampness, 
should be lead covered, with either rubber or paper 
insulation, or a high grade of rubber insulation with 
double braid. 

It is recommended that the capacity of all fuses 
in panel boxes on motor circuits be 25 per cent more 
than that at which the overload switch at motor is 
normally set. 


Engine Rooms. For general lighting the use of 
tungsten clusters or high wattage lamps is recom-— 
mended, the cluster or single lamps to be located as 
requirements demand. The wiring should be run in 
conduit supported overhead from roof structure. 
where wiring is liable to be subjected to great heat, 
we would specify fireproof wire. 

Each cluster or unit should be controlled by a 
switch located either in the panel box or at some other 
convenient point. Lamps suspended from ceilings on 
drop cords are not recommended. 

In all cases where it is required to run conduits and 
wires on stationary engines for the purpose of illumi- 
nating the various parts of same, it is recommended 
that all such conduits start from the top of the engine 
and each branch be run down to either a light outlet 
or receptacle so that no oil can accumulate in either 
the vertical or horizontal runs of the conduit. It is 
further recommended that all conduit work around 
an engine be made water tight so as to avoid oil com- 
ing through the different fittings to the inside of same, 


Boiler Rooms. For the illumination of steam and 
water gauges around boilers it is recommended that 
the conduits be run on top of boiler front and that 
fireproof wire be used. Where branches are to be 
taken off for the purpose of illuminating steam gauges 
and water glasses an extension tube or piece of con- 
duit should be used in place of a drop cord. 

For general illumination tungsten clusters or single 
high wattage lamps located over the firing space may 
be used. For illuminating the space back of the 
boilers, an entirely independent circuit should be run 
in conduit, with an outlet back of each battery of 
boilers. Each outlet to be provided with a weather- 
proof socket and wire guard. At this point provide a 
plug receptacle for each battery of boilers, for a suit- 
able light to be used under and around boilers for 
cleaning purposes: For these portable lights we would 
recommend the use of “BX” flexible wire or some 
other wire having a non-combustable insulation. 
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Third: Store Houses and Oil Houses. All such 
buildings should be wired in conduit throughout. For 
Store Houses. We would recommend the use of sin- 


_ gle drop lights placed in the most desirable locations. 


Packing house cord should be used instead of the or- 
dinary drop cord and all lamps should be provided 
with lamp guards. Switches for the control of lights 
may be placed in the most convenient locations; but 
the fuses protecting all circuits should be placed in 
metal panel boxes outside of the store room proper, 
preferably in the office. 

Oil Houses. All conduit and fittings should be 
both water tight and vapor proof. All switches should 
be placed in a weatherproof box on the outside of the 
building. No switches nor key sockets should be al- 
lowed inside the building. All lights should be on 
rigid pendants provided with vapor proof sockets, 
vapor proof globes and wire guards. No drop cord 
of any kind should be used. Extreme care should be 
used in the wiring of Oil Houses so as to afford every 
possible protection from vapors. 

Fourth. Coal Sheds and Chutes. The wiring for 
this class of structures should be in conduit through- 
out with the best grade of re-inforced cord where ever 
drop lights are needed. All lamps should be pro- 
tected by wire guards. No fuses, switches, nor key 
sockets should be placed in rooms where coal dust is 
liable to accumulate in any great quantity, and all 
fuses should be enclosed in metal boxes. 

Fifth —Cinder and Ash Pits. Wiring for the light- 
ing of such locations may be run in conduit under- 
ground or overhead on poles as conditions may indi- 
cate to be most desirable. Arc lamps, tungsten clus- 
ters or high wattage single lamps may be used; but 
we would recommend the use of clusters. The lamps 
should be placed at an angle of about 45 degrees on 
pipe brackets or goosenecks on poles at a height of 
about 18 to 20 feet. 

Sixth.—Passenger Stations. It is recommended 
that all wiring be run in conduit. Where offices of 
any nature are to be located in the Passenger Station, 
we recommend that provision for extra circuits be 
arranged for by either of the following methods or a 
combination of same. First—Extra conduits should 
be run for additional circuits. Second—34-inch con- 
duit should be run to all such offices to provide for 
extra circuits. Third—In all cases provision should 
be made for extra circuits in the panel box. 

As the lighting of Passenger Stations is very largely 
dependent upon the architectural features and the 
opinions of different persons, we have made no recom- 
mendations on this feature, leaving the matter wholly 
to the Engineer in charge of the work. The arrange- 
ment of circuits and location of switches should be 
such as would give the best control for economy. 

Seventh.—Passenger. Station Platform Lighting. 
Should be run in conduit from the building under- 
ground to metal posts. These posts should be pro- 
vided with a wiring space in the base covered by a 
weatherproof cover. All fuses for open platform 
lighting should be placed in the panel box in the build- 
ing. This will probably frequently necessitate carry- 
ing more than 600 watts on an outside lighting circuit, 
which, in our opinion, is not objectionable for this 
class of service. We would further recommend the 
use of lead covered wire with rubber or paper insula- 
tion, or a high grade of rubber insulation with double 
oraid. 

Eighth—Freight Stations. The wiring for all 
Freight Stations should be run in conduit. The office 
portion should be wired in the customary manner 
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used in office buildings. In the ware room we would 
recommend the use of tungsten clusters or high wat- 
tage lamps at a proper height to properly illuminate 
the room. Drop lights are to be avoided where ever 
possible. Where drop lights are necessary, the best 
grade of drop cord should be used. 
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In General: We have purposely avoided recom- 
mending any particular make or brand of materials, 
but wish to state most emphatically that none but the 
very best materials on the market should be used. 
For conduit and fittings we recommend any of the 
standard grades of sherardized or galvanized. For, 
wire we recommend only a high quality of rubber, 
paper, varnished cambric or other insulation. 

As there are a number of good standard sockets, 
fuses, panel boxes conduit fittings etc. on the market, 
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we have left the specifying of such materials to the 
judgment of the Engineer. 

We wish to call especial attention to the fact that 
the permanent value of an installation more cften de- 
pends much more upon the quality of the workman- 
ship than upon the quality of the materials used. Too 
great care in installing wiring cannot be exercised. 

The National Board of Underwriters Code should 
be followed as closely as possible in all cases. 

In order to assist the younger engineers in making 
up an estimate and a set of specifications, we give a 
typical list of materials to be used in installing the 
wiring in any ordinary class of railway building, such 


as a Passenger or Freight station. Catalog numbers. 
and references have been omitted from this list. 


We 
advise the use of the catalog of any reputable concern 
as a standard reference in making up a list, knowing 
that, if the material is equal to that specified, it will 
be entirely satisfactory. 
Respectfully submitted, 

A. J. Farrelly, Chairman. 

H. A. Gardner, 

I. Mo 4Gazin. 

C. R. Gilmant 

Frank Roblin, 

A. S. Schulman. 


Report of the Committee on Standards 


Altoona, Pa., May 28, 1912. 
Mr. D. J. Cartwright, 

Chairman, Committee on Standards, 

Association of Electrical Railway Engineers. 
Dear Sir: 

Your Sub-Committee on the question of standard- 
izing ball bearings for axle generators submits the 
following as their recommendations. 

First: Pulley and commutator 
should be the same size. 

Second: The pulley end bearing should be a press 
fit within the limits given by the manufacturers of ball 
bearings. The bearing should be mounted directly on 
the axle. That is, construction requiring a sleeve for 
this bearing is not approved. The bearing should 
“Float,” or in other words, should only be required 
to take radial load. 

Third: The commutator end bearing should be 
mounted on a sleeve, and the bearing secured so that 
it will have no play longitudinally to the shaft. In 


end bearings 


other words, this bearing must be mounted so it will. 


take the end thrust. 

Fourth: Open ends of housing around each bear- 
_ing should be provided with grooves, and the outer 
end of the housing for the pulley bearing should have 
two grooves and one felt washer. 

Fifth: Each bearing must be mounted on the shaft 
between a shoulder and nut, and locked securely in 
place. 

Sixth: The size bearing should be that known as 
the 412. 

Seventh: The nipple for the grease gun shall be of 
3/8” pipe, with standard pipe thread, properly capped. 

Highth: The question of standardizing the pul- 
leys was discussed at length but as standardizing the 
pulleys affected all generators now in service, and as 
each make of generator uses a pulley that differs in 
some essential dimension from pulleys of all other 
makes it was thought best that this question be re- 
ferred back to the Committee on Standards. It was 
admitted by all that from the engineering side there 
was no reason why the pulleys could not be made 
standard, and further that from the operating side it 
would be advantageous to do so. From the commer- 
cial side, however, the fact that of the pulleys that 
have been supplied by the manufacturers no two 
makes are interchangeable and that there are thou- 
sands of these pulleys and shafts in existence, was con- 
sidered of such importance that your Committee, as 
a whole, did not feel that they could make any recom- 
mendations. 


Some of the members of the Committee, while ap- 
preciating the point of view taken by the others, 
namely, the objections from the commercial side, felt 
that undue weight was given those objections. The 
other members did not understand the position taken 


by those favoring the adoption of a standard pulley. 


The view these members took of the matter was that 
the railroads now have to carry in stock various shafts 
and pulleys—that these shafts and pulleys wear out 


or are broken, and that when remodeling generators © 


to the ball bearing type new shafts and pulleys could 
be ordered in accordance with the standard recom- 
mended. This procedure would entail carrying extra 
shafts and pulleys, but eventually would result in all 
pulleys being interchangeable on all ball bearing gene- 
rators, and this condition would be a decided advant- 
age to the railroads and would not be a hardship on 
the manufacturers, provided ‘the Railroad Companies 
in ordering shafts and pulleys would clearly specify 
what they wanted. 


The Committee does, however, recommend that the 
armature shaft pulley keys shall be of 3/8” square 
stock and the key-way in the shaft and pulley bore 
shall be cut parallel to the axis of the shaft. . 


The Committee also discussed the question of lubri- 
cant to be used with the ball bearings and recom- 
mends that this lubricant shall conform to the follow- 
ing: 

First:—Shall not, when new, contain either free 
acid or alkali. 


Second :—Shall not, when old, contain free acid. 
Third :—Shall not oxidize or materially evaporate. 
Fourth :—Shall not pound thin in service. 

Also that the lubricant shall be applied as follows: 


Before placing generator in service for the first 
time the bearings shall be filled with lubricant. When 
the generator is in service the lubricant is to be in- 
jected with a “Gun” at such intervals as the Railroad 
Company may determine is necessary. 


Respectfully submitted, 


J. R. Sloan, ‘Chaiemaes 
WeleBatce 

W. L. Bliss, 

W. F. Buoche, 

T. V. Buckwalter, 
HAE AEulse 

N. E. Lemmon, 

De La Mount 

R. M. Newbold, 

Fh Poor 


BOctober, 1912. 
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Report of the Committe on Specifications 


The Chairman of the Committee on Specifications 
was authorized by your President to extend to such 
persons as he might desire, an invitation to become 
members of the said Committee. This privilege was 
exercised and in extending these invitations the Chair- 
man did not limit himself to the membership of the 
Association but included such gentlemen of his 
acquaintance as were most familiar with the various 
subjects under consideration, and who, by their knowl- 
edge, could contribute to the writing of the specifica- 
tions. 

The work of preparing: these specifications was 
divided among Sub-Committees, each Sub-Committee 


in charge of a Chairman who was a member of the 


Association. 
- Your Committee herewith submits, as their report, 
specifications for the following: 

Canvass Belting for driving axle generators. 

Wire, 0-750 volt service. 

Incandescent Lamps. 

It is the hope of the Committee, that if their speci- 
fications are drawn in such a manner that they are 
acceptable to the membership, that each member will 
exert himself to secure their official adoption by the 


- Road that he represents. 


JeheolLOAN. Chairman: 


SPECIFICATIONS FOR BELTING FOR AXLE 
GENERATORS. 
Ordering. 

1. These specifications cover all belting for axle 
generators for use on the A. B. & C. Railroad. Belt- 
ing in accordance with these specifications will be or- 
dered in rolls of approximately 500 feet as the needs 
of the service demand. The width of the belting 
should be specified in the order. Stitched belting prop- 
erly coated with a water proof composition may be 
ordered, but it must be so specified in the order. 

Material Desired. 

2. All rubber belting shall have five plys of fric- 
tion duck with a 1/32 inch rubber cover. The fric- 
tion shall require a pull of 20 pounds to separate the 
plys of duck on a sample one inch in width. The 
duck shall have a tensile strength, of 350 pounds per 
inch of width. It is also desired that the stretch shall 
be taken out of the belt, in order that when the full 
width is tested, as hereinafter mentioned, the stretch 
in 18 inches shall not be more than one inch. The 
duck in stitched belting shall have a tensile strength 
of 300 pounds per inch of width and a stretch in 18 
inches of not more than 1% inch. 

Badge Plate. 

3. The badge plate shall be placed on the belt at 
distances of 9 feet apart and be of the same color of 
rubber as the cover. It shall conform to size and 
dimensions of cut below and figures of the serial num- 
ber shall not be less than 3/8 of an inch in height and 
1/32 of an inch in relief. This serial number shall 
commence with one at the beginning of the year and 
continue consecutively throughout the year. No 
badge place will be required on stitched belting. 

Method of Sampling. 

4. When the belting is received at Store House a 
sample three feet long shall be cut from any part of 
a whole or fractional roll and forwarded to the....... 
Be cds > s- accompanied by a sample for test tag, 
giving the following information: 


a—Number of feet represented by the sample. 
b—Serial number. 

c—Name of manufacturer, 

d—Name of shop. 

e—Requisition number. 
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Badge Plate for Belting, 


Method of Testing. 


5. When the sample is received by the-————it 
will be subjected to the following tests, except in case 
of stitched belting, no friction test will be made. 

da. A section of 6 inches in length shall be cut 
from the sample and from this a strip one inch in 
width, shall be cut on the longitudinal axis of the 
belt. The friction shall be determined from this 
sample, by weighing the pull necessary to start the 
separation of the plys of duck. The test shall be 
made in a tensile test machine at a speed of 6 inches 
per minute. The pull necessary to start the separa- 
tion of the duck shall be taken at three diffierent points 
and the average of these three readings, shall be used 
in accepting or rejecting the material. 

5b. Another section 114 inch in width shall be cut 
from the 6 inch length and used to determine the 
tensile strength of the duck. One ply of duck shall 
be removed from this section, placed in the tensile 
test machine and the strands in the warp shall be 
removed from each side until the section is exactly 
one inch in width. ‘Load will be applied by machine 
running at a rate of 6 inches per minute and the pull 
necessary to break the duck will be observed. 

5c. Marks 18 inches apart shall be placed on the 
remaining 30 inch length of sample using the full 
width of the belt, and it shall be placed in tensile test 
machine for the purpose of making stretching tests. 
A load shall be applied equivalent to the product of 
the number of plys of duck times the width in inches 
times 200. Under this load the elongation shall be 
measured and the belt must not break or the elonga- 
tion be more than that required under rejection limits. 


Rejection Limits. 
6. A roll of rubber belting shall be rejected if: 

a—The thickness exceeds 0.30” or is less than 
0.20”. ’ 

b—Average results obtained on friction tests are 
below 18 pounds. 

c—Tensile strength of one ply of duck 1” in width 
is less than 300 pounds. 
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d—Stretch in 18” exceeds 2”. 
6a. A roll of stitched belting shall be rejected if: 
a—Thickness exceeds 0.30” or less than 0.20”. 
b—Tensile strength of one ply of duck 1” in width 
is less than 250 pounds. 
c—Stretch in 18” exceeds 2%”. 

6b. Individual rolls may be repected at the shops if 
they vary more than 3/16 of an inch either way from 
the specified width or if the edges are not straight. 

Claim for Rehearing. 

Y. The test samples representing the rejected belt- 
ing shall be preserved at the Test Department for 
one month from date of test report. Accordingly, in 
case of dissatisfaction with the result, manufacturers 
must make claim for a rehearing, should they desire to 
do so, within that time. Failure to raise a question 
for one month shall be construed as evidence of satis- 
faction with the tests, the samples shall be scrapped 
and no claim for rehearing will be considered. 

Freight Charges. 

8. Manufacturers and shippers must pay freight 
charges both ways on all rejected material. 

J. R. Sloan, Chairman. 
J. M. Craig. 
J.J 2. Puette. 


SPECIFICATIONS FOR THE PURCHASE OF 
INCANDESCENT LAMPS. 


Your Committee appointed to look into the subject 
of Standard Specifications for the Purchase of Incan- 
descent Lamps have performed the duties assigned 
them and present herewith report of their labors. 


Necessity for Standard Specifications. 

The manufacturers of incandescent lamps have a 
standard form of specifications which they recom- 
mend to their customers. The large majority of their 
customers are, however, local lighting and power com- 
panies and isolated plants in office buildings. Such 
customers do not have to meet the conditions of 
operation that railroads encounter. The public at 
large generally demands from a railroad much more 
in the line of comfort, convenience, and safety than 
it will provide for itself. 

Furthermore, the manufacturers’ specifications are 
drawn to cover all sizes, types, and kinds of lamps. 
Your Committee can see no necessity for any railroad 
covering the entire variety of lamps manufactured and 
the demands of the public are so severe that we feel 
the Association is warranted in adopting a set of speci- 
fications standard only for railroad work. Copy of 
the specifications recommended by the Committee is 
attached hereto. 

General Form of Specifications. 

The specifications should be divided into two parts. 
Part One, covering the requirements to be met by the 
manufacturers and reciting in detail the methods of 
inspection and test by the purchaser; and Part Two, 
covering instructions relative to the purchase and use 
of lamps. Part Two is made necessary to a large ex- 
tent, by reason of the extremely large number of or- 
ders that reach the manufacturer giving him very lit- 
tle, if any, information concerning the particular lamp 
it is desired to purchase. 

PART ONE. 


Part One is subdivided into six parts as follows: 
General Requirements. 
Definitions and Standards. 
Method of Inspection and Test. 
Physical Characteristics. 
Electrical Characteristics. 
Schedules. 
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In the specifications the subdivisions are arranged 
in order above mentioned, it being out thought that 
this is the most logical arrangement. 


General Requirements. 


Under General Requirements we have a statement 
of those things that apply in a general way, such as 
a description of the facilities for test and inspection 
that will be required, some statement as to what 
lamps will be inspected or tested, the rating to be 
used, etc. 

Definitions and Standards. 

Under this subdivision we have the definitions of 
the terms used and descriptions of the standards 
adopted such as: the unit of candle power, photo- 
metric measure, reduction factor, lot, etc. 

Method of Inspection and Test. 

This subdivision describes the method of inspection 
and test in detail, giving the number of sample lamps. 
required for each individual inspection or test as well 
as quantities of defective lamps necessary for rejec- 
tions. 

Physical Characteristics. 

In this subdivision is given the various physical de- 
fects that will be looked for by the inspector, such as 
defects in the glass, the base, the filament, the leading 
in wires, etc. 

Electrical Characteristics. 

Here we have recited the electrical characteristics 
to which the lamps must conform, specifying clearly 
and in detail the method of conducting life perform- 
ance and other electrical tests. | 

Schedules. 

The schedules specify the initial rating, inspection 
limits, life performance, etc., of all the lamps recom- 
mended by your Committee for railroad use. It is 
thought that the railroad demand can be confined to 
the following schedules: 


Schedule Class Filament 
G 100 to 130 Metallized 

T 100 to 130 z Tungsten 

4b 200 to 260 Tungsten 
oul oLtg.c ad raing Liguitg, Tungsten 
G Ry Series Burning Metallized 
Doky Series Burning Tungsten 
BLO 4a treet emetics Tungsten 


Schedule for 200 volt tungsten, series burning 
metallized, and series burning tungsten lamps will 
not be ready for incorporation in the Specifications 
until the date of the Convention. 

Carbon filament lamps cannot be included in yearly ~ 
contracts and as the railroad company’s specifications 
are generally made a part of the contract, they should 
not appear in these specifications. If specifications for 


carbon filament lamps are desired, they should be 


worked up separately, conforming, so far as possible, 
to our standard specifications. 


PART TWO. 

Part Two is intended to specify what lamps can be 
ordered and to state clearly the information it is neces- — 
sary to give on requisitions in order that they may be 
filled promptly by the manufacturers. Some of the 
railroads may find it necessary or desirable to issue 
more or less special instructions to their employees 
concerning the ordering or use of incandescent lamps. 
Such instructions should be included in Part Two. 

Excess Voltage Test. | 

In the inspection and test of all classes of materials 
by railroads, the endeavor is made to arrange for all 
tests to be completed within the period of a ten hour 
working day. Some years ago, before the introduc- 
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' tion of metallized filament, tantalum, and tungsten 


normal conditions of operation. 


filament lamps, a quick test, that could be completed 
within a nine or ten hour working day, was worked 
out and used by several of the Eastern railroads. This 
test is known as the “excess voltage” test on account 
of the application, during the test, of a voltage some- 
what higher than that for which the lamp is rated. 
To conduct such a test successfully, in a manner fair 
to both purchaser and manufacturer, requires a thor- 
ough knowledge of lamps, their characteristics, meth- 
ods of manufacture, etc., on the part of the test offi- 
cer, and test must be conducted with extreme care 
and accuracy. It is not advisable for anyone to under- 
take this test until after they have had several years 
experience in the inspection and test of incandescent 
lamps. 

With carbon filament lamps, excess voltage test re- 
sults checked fairly well with those secured on normal 
voltage test, so that the test was deemed reliable 
enough to determine whether the lamps should be 


accepted or rejected. With the introduction of metal- 


lized filament, tantalum and tungsten lamps, condi- 
tions were changed and the results obtained upon ex- 
cess voltage test do not check consistently with the 
results obtained on normal voltage life test. Then 
again the improvements made in the several modern 
types of lamps have been so rapid that today we have 
no reliable data on which to base an accurate excess 
voltage test. It is possible that, at some future date, 
a reliable excess voltage test may be worked out. For 
the present, however, excess voltage test results may 
be taken only as an indication of quality and must not 
be taken as a measure of what the lamps will do under 
For these reasons 
your Committee does not think it wise to recommend 
at this time, the use of the excess voltage test. 
Recommendations. 

Your Committee believes that great good will result 
if the railroads can be united on one common set of 
specifications for the purchase of incandescent lamps. 
The accompanying specifications are thought to be 
drawn sufficiently close to meet all the requirements 
of railroad work and are in accord with railroad prac- 
tice. We not only recommend the adoption of these 
specifications by the Association, but also that the 
several members of the Association recommend their 
adoption by the railroads they represent. 


A B & C RAILROAD. 
No. 000. 
Specifications for the Purchase of Incandescent 
Lamps. 

These specifications consist of two parts. Part One 
covering the requirements to be met by the manu- 
facturers, and the inspection of lamps by the Pur- 
chaser, and Part Two, covering instructions relative 
to the purchase and use of lamps. 


Part One. 
GENERAL REQUIREMENTS. 
Facilities for Inspection at Factory. 

1. Manufacturers shall furnish satisfactory and 
suitable facilities for inspection, initial testing, ship- 
ment, and such other assistance as will enable the 
Inspector to inspect and test lamps in accordance with 
these specifications. 

Physical and Electrical Test and Inspection. 

2%. These specifications shall not apply to any 
frosted or colored lamps, or to lamps other than those 
with the usual clear glass bulbs, unless otherwise 
specifically included. Frosted lamps shall be repre- 
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sented in initial tests, inspection and life tests by clear 
lamps. All lamps purchased shall be subject to inspec- 
tion and test for physical defects and: initial rating. 
Only such lamps as are specifically mentioned in the 
several schedules for different classes of lamps will be 
subject to life test. Should it become desirable to cor- 
rect the several schedules on account of changes in 
the art, or to make additions on account of the pur- 
chase in quantity of lamps not specifically mentioned, 
new limits which have been agreed to in writing by 
the Purchaser and the Manufacturer may be substi- 
tuted or added hereto. 
Voltage Rating. 

3. All lamps furnished in accordance with these 
specifications shall be rated at highly operating effi- 
ciency voltage and will be inspected and tested for 
candle powers, amperes, or efficiencies corresponding 
to high operating efficiency voltage. 


DEFINITIONS AND STANDARDS. 
Unit of Candle Power. 


1. The unit of candle power shall be the Interna- 
tional Unit as maintained by the Bureau of Standards, 
Washington, D. C. 

Photometric Measure. 

5. The basis of comparison of all lamps shall be 
the mean spherical candle power. The nominal or 
rated candle power to which reference is made in these 
specifications shall be the mean horizontal candle 
power based on reduction factors given in the several 
schedules for different classes of lamps. All readings 
for mean horizontal candle power shall be made with 
lamps rotating at a speed sufficient to overcome flick- 
ering. 

Determination of Reduction Factors. 

6. For all lamps having filaments giving a different 
initial ratio of mean spherical to mean horizontal can- 
dle power, the mean horizontal candle power measure- 
ments shall be corrected by reduction factors deter- 
mined by the Bureau of Standards, Washington, D. C. 

“Lot” of Lamps. 
”%. The word “lot” when used in these specifica- 
tions shall mean 
A group of packages of the same kind, size, and 
type and voltage, groups of lamps not to exceed 
a total of six hundred (600) lamps. 


METHOD OF INSPECTION AND TEST. 
Place of Inspection. 


8. Inspection for physical defects and tests for ini- 
tial values of candle power and watts, will be made 
at the place of manufacture. Tests for life perform- 
ance will be made at some point designated by the 
Purchaser other than the place of manufacture. 

Notification of Purchaser. 

9. Manufacturers shall notify the Purchaser when 
lamps are ready for inspection and shall await their 
acceptance by the Purchaser’s Inspector before ship- 
ment of lamps. 

Inspection and Rejection for Physical Defects. 

10. The Inspector will examine for physical defects 
five (5) per cent. of each lot of lamps offered, the in- 
spection covering not less than ten (10) lamps. Should 
more than twenty (20) per cent., of the lamps exam- 
ined show any defects incompatible with good work- 
manship, good lighting service, or any clause of these 
specifications, the lot of lamps represented by this. 
examination will be rejected. 

Test and Rejection for Initial Rating. 

11. The Inspector will examine for initial rating 

all of the lamps selected for inspection for physical 
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defects. They shall be tested at high operating eff- 
ciency voltage, amperes, or candle power, as shown in 
their respective schedules. The failure of more than 
twenty (20) per cent. of the lamps so tested to come 
within the limits prescribed in their respective sched- 
ules, will be sufficient cause for the rejection of the 
lot represented by this examination. 
Samples for Life Candle Power Test. 

12. From each lot of lamps which have passed the 
inspection for physical defects and tests for initial rat- 
ing, two (2) per cent. or the nearest even number of 
whole lamps, which approximate most closely to the 
normal rating of the lamps as to total watts and can- 
dle power may be selected for use in the determination 
of the life and candle power performance, and shipped 
to the point designated by the Purchaser. 

Sealing of Packages. 

13. All packages of lamps which have passed the 
factory inspection shall be marked for indentification 
by the Inspector and packages must not be shipped 
until so marked and finally accepted. 


PHYSICAL CHARACTERISTICS. 


Physical Requirements. 

14. The lamps shall be well made and free from 
all defects, as herein specified and such other defects 
as in the judgment of the Inspector will render the 
lamps unfit for service. 

Bulbs. 

15. Unless otherwise specified, clear lamps shall 
be furnished. All bulbs shall conform to the dimen- 
sions given in the Manufacturers’ schedules and shall 
be uniform in shape, clear, clean and free from flaws 
or blemishes detrimental to the service, and in the 
case of tipped lamps, tips shall not be long or black- 
ened. 

Bases. 

16. Unless otherwise specified, all lamps shall be 
furnished with Standard Screw Bases. The shells of 
the base shall be made of good quality brass, firmly 
and accurately fitted to the bulb, and all bases shall be 
impervious to moisture. When bases have extended 
skirts, same shall be insulated from the shell. 
Filaments. 

1%. The filaments of all lamps shall be placed sym- 
metrically in the bulb, and shall be uniform and free 
from imperfections, spots, and discolorations detri- 
mental to the service. 

Leading-In Wires. 

18. Leading-in wires shall be fused in the glass 
with the joint between the copper and platinum wires 
bedded well within the glass, must be straight, well 
separated, and soldered to the base and cap without 
excess of solder. The threads of the base must be 
free from solder. 

Vacuum. 

19. The lamps must have suitable vacuum, show- 
ing the characteristic glow for each size when tested 
on an induction coil. 

20. One or more printed labels, showing rating 
and manufacturers name or trade mark, shall be 
placed on the bulb near the base of the lamp. Trade 
names, trade marks, or other devices when etched, 
painted or marked on the glass shall be of small let- 
ters or figures as near the base as possible. 


ELECTRICAL CHARACTERISTICS. 
Check for Initial Rating. 
21.. On receipt at the point designated by the Pur- 
chaser, of the lamps selected for life candle power per- 
formance in accordance with paragraph No, 12 they 
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will be checked for initial rating and subject to the 
test described in paragraphs Nos. 22 and 23. 
Life and Candle Power Maintenance. © 

2. For the determination of the life and candle 
power maintenance of any lot of lamps, fifty (50) per 
cent. and in no case less than four (4) lamps, of the 
lamps selected as described in paragraph No. 12 shall 
be tested for candle power performance as follows :— 
The lamps will be photometered and the voltage deter- 
mined which will give the watts per candle specified 
in the several schedules. The lamps will be burned 
at this voltage throughout the test. During the test, 
variations in voltage shall not exceed one-half (%) 
per cent. above and one-half (12) per cent. below the 
normal voltage. 

Candle Power Readings at Test Voltage. 

23. Candle power readings shall be taken when 
the lamps shall have burned approximately fifty (50) 
hours, and at least every one hundred (100) hours 
thereafter, until the candle power shall have decreased 
to less than. eighty (80) per cent. of its initial value. 
The number of hours each lamp burns until the candle 
power has decreased to eighty (80) per cent of its 
initial value or until the lamp fails, if within that 
period, is known as the test life. 

In computing the results of life test of any lot of 
lamps, the average hours life shall be the arithmetical 
mean of the values for the individual lamps. 

Lamps which are broken, but not burned out during 
test, shall not be counted to diminish the average per- 
formance. 

Rejection and Report. 

24. If the average test life of any lot of lamps is 
less than ninety (90) per cent. of the test life values 
specified in the several schedules, the lot of lamps 
represented by the test samples will be rejected. Noti- 
fication of the final acceptance or rejection of lamps 
as well as life diagrams of rejected lamps will be 
mailed promptly to the manufacturer upon completion 
of each test. Samples of rejected lamps will be pre- 
served by the Purchaser at the Laboratory one month 
from date of test report. In case of dissatisfaction 
with the results of tests, the manufacturer shall make 
claim for a hearing within that time, and the failure 
to raise a question within one month from date of 
test will be construed as evidence of satisfaction with 
the tests, the samples will be disposed of, and no 
claim for a hearing will be considered. 


SCHEDULE G 


This schedule applies to large, clear, oval-anchored, 
metallized filament lamps of from 100 to 130 volts, for 
multiple burning. 

The initial rating, limits and performances listed 
below apply only to lamps operated at righ operating 
efficiencies. 

Initial Rating, Limits, and Performance 

Reduction Factor 82.5 per cent. 


Initial Limits 
C. P. Limits Tot. watt limits Test life hrs. 


Avg. Performance 
Initial Rating 


Above and Above and to 20% drop 
below below in Cl Pe ae 
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30 10.0 3.00 10.0% 6.0% 10.0% 7.0% 3.64 700 S-17-A 
40 15.6 2.56 7.5% 5.0% 7.0% 5.0% 3.11 400 S-19-A 
50 20.0 2.50 7.5% 5.0% 7.0% 5.0% 3.03- 500 S-19-A 
60 24.0 2.50 7.5% 5.0% 7.0% 5.0% 3.03 500 S-19-A 
80 32.5 2.46 7.5% 5.0% 8.0% 5.0% 2.98 500 S-24-A 
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For lamps from 126 to 130 volts, inclusive, the best 
life value shall be 90 per cent. of those given in the 
table. 

Lamps having double the limits of variation in ini- 
tial limits specified above, may be supplied on all ord- 
ers calling for lamps of 105 volts and below, 110 and 
121 volts and‘ above. 


SCHEDULE T. 
100 Volt Class 


This schedule applies to large, clear, tungsten fila- 
ment lamps of from 100 to 130 volts, for multiple burn- 
ing. 

The initial ratings, limits, and performances listed 
below apply only to lamps operated at high operating 
efficiencies. 

Initial Rating, Limits, and Performance 

Reduction factor 15 to 250 watt lamps inclusive, 78 
iper cent. 

Reduction factor 400 and 506 watt lamps, 81 per 
cent. 


Average 
Initial Rating. Initial Limits. Performance. Bulb. 
ESa Dae 
3 E a+ g pee 
Ral mates aS 
*Watts per BUA ear SO aortas 
Candle Ag s<By EN dbs 
bd Br AC es nee yh ial ae 
Sey sotto Sc eo 
Wwatts ColA ColB 4 S HHS Have and St. Side Spherical 
pee to, 91230 8% 20% 1000 S-17-B G-18-%-B 
20r 128° 1,25 8% 20% 1000 S-17-B G-18-%-B 
ap 2.25 1.17 8% 15% 1000 S-19-C G-25-A 
SOL LS 112 8% 15% 1000 $-21-E G-30-C 
SO, 2.176. 1.10 8% 15% 1000 S-24-%-A G-40-A 
Boon ks 1.07 8% 15% 1000 S-30-A 
HO) et 02 1.05 8% 15% 1000 S-35-A 
260 1.10 1.00 8% 15% 1000 S-40-B 
400 1.10 1.00 8% 15% 1000 G-56-A 
500 1.10 1.00 8% 15% 1000 G-64-A 


*Column A to apply until changed by notice from 
manufacturer. Column B to apply upon notice from 
manufacturer. When change is made, in whole or in 
part, new schedule will be furnished by manufacturer. 

For lamps from 126 to 130 volts, inclusive, the best 
life value shall be 90 per cent of those given in the 
table. 

Lamps having double the limits of variation in ini- 
tial limits specified above, may be supplied on all ord- 
ers calling for lamps of 105 volts and below, 110, and 
121 volts and above. 


SCHEDULE T. TR: LTG. 
This schedule applies to large, clear, tungsten lamps 


Of from 25 to 34 and 50 to 65 volts for multiple burn- 


ing in train lighting service. 
Initial Rating, Limits, and Performance 
Reduction factor 79 per cent. 


Initial Average 


Initial Rating. Limits. Performance, Bulb. 
n 
2 
ea x 
ae es ER 
Bg Op ata 
26 5 Huta gs 
WS Ete Ear ane 
Lees es! 2 F290 AY 
uk Hobe ae 
Hah eee Haak o 
Watts *Watts per 
al Candle n 
cc) ne 
]) ae aa ~~ Spherical St. Side 
= D3) § oCol.A Col.B 10 ma 
a < iy Sao 
10 10.00 8 1.26 1.25 5% 8% 1.58 1000 G-18-%-B S-17 or S-19 
Dee t4.76) 22 1.93 1.17 5% 8% 1.56 1000 G-18-%-B 8-17 or S-19 
zo) 24,60 20 1.28 1.17 oa ao 1.56 1000 G-18-%-B  S-17o0rS-19 
20 49.20 40 1.23 1.17 5% 89% 1.56 1000 G-30-C S-21 


*Column A to apply until changed by notice from 
manufacturer. Column B to apply upon notice from 
manufacturer. When change is made, in whole or in 


Part, new schedule will be furnished by manufactur- 
ers. 


>». 


RAILWAY ELECTRICAL ENGINEER 


127 


SCHEDULE G. R’Y. 


This schedule applies to large, regular clear metallized 
filament lamps for street railway, series burning. These 
lamps shall be rated in the following voltage groups 

105:volts for use 5 in series on 525 volts. 
110 volts for use 5 in series on 550 volts. 
115 volts for use 5 in series on 575 volts 
120 volts for use 5 in series on 600 volts. 
125 volts for use 5 in series on 625 volts. 
130 volts for use 5 in series on 650 volts. 

Each voltage group shall embrace a range in amperes 
five (5) per cent. above and five (5) per cent below the 
nominal ampere value obtained by dividing the product 
of the initial candle power and actual initial watts per 
mean horizontal candle power, by the voltage of the 
group. The lamps will be marked and packed in .01 
ampere steps throughout this range. 

When the annual requirements of the purchaser for 
any voltage group and wattage is less than three hundred 
dollars ($300.00) the manufacturer shall supply lamps 
of one of the .01 ampere ranges. When the annual re- 
quirements exceed three hundrd dollars ($300.00) the 
manufacturer shall have the privilege of supplying lamps 
of at least two of the .01 ampere steps. 


Initial Rating, Limits and Performance. 
For lamps tested at initia! candle power. 
Reduction factor 82.5 per cent. 
Each .01 ampere step shall be within the limits shown. 


Average 
Performance. 
Limits. Initial Indivd. Limits Test life in 
hrs to 20% 


Initial 
Incivieual 


Initial Rating. 


Above & Below. Above & Below. drop in CG. & 
ei 
Pp. at- W. PB: Q 
; Nes On Bs 
5 
a fc) 
= ms ie = a a W.P.M. Test 
ay g a £ ba a 3 2 SC. ys duife 
so P| 6 f/f € & 
o =| - 
Ba § < < 
35 11.0 3.0% 8.5% 5.5% 41.5% 6.0% 45% 3.11 40C 
54 18.0 2.0% 7.0% 5.0% 1.2% 5.0% 3.8% 8.08 500 


Initial Rating, Limits and Performance. 


For lamps tested at rated amperes. 

Reduction factor 82.5 per cent. 

If the purchaser so elects, this table may be substituted 
for the one above. 


Average 
Performance. 
Initial Average Test life in hrs 
Limits to 20% drop in 


[nitial Individual 


Initial Rating. Limits 


Watts Above & Below. Above & Below. C. P. at W. P. 
ah Teh MOS es 
per Candle Candle Candle W.P.M. Test 
Lamp. Power. Power. Watts. Power. Watts. S.C.P. Life. Bulb. 
35 11.0 18.0% 8.5% 6.0 % 6.0% 3.11 400 
54 18.0 15.0% 7.0% 5.0% 5.0% 3.03 500 


For lamps in the 105, 125, and 130 volt groups, the 
limits of variation in the initial limits shall be double 
those given in the tables. 

For lamps in the 120, and 125 volt groups, the test life 
values shall be ninety-five (95) per cent. of the values 
given in the tables. 

For lamps in the 130, volt group, the test life values 
shall be ninety (90) per cent. of the values given in the 
tables. 

Requisitions. 
26. Requisitions should cover the following data: 
(1) Quantity desired (Standard package quan- 
tities). 
(2) Rating of lamp in watts. (25 watt, 40 watt, 
€tc.) 
(3) Voltage or amperes. (103 volt, 3.5 amp., etc.) - 
(4) Bulb (S-17, C-40-A, etc.) 
Kind of filament. (Metallized, tungsten, etc.) 
(6) Service for which lamp is intended. (Multi- 
ple burning, train lighting, etc.) 


128 


Examples of Requisitions. 

27. Examples of how requisitions should read are 
as follows: 

100, 25 watt, 113 volt, Tungsten filament, multiple 
burning lamps. 

100, rts watt, 60 volt, G-18-1%4-B, Tungsten train 
lighting lamps. 

Clear and Frosted Lamps. 

28. Clear-lamps will be furnished on all requisi- 
tions unless otherwise specified. If bowl frosted, full 
frosted or colored lamps are desired, the order should 
clearly so specify. 

Telegraphic Orders. 

29. Owing to the excessive cost of inspecting rush 
orders, store keepers should carry a sufficient stock 
of each kind, size, and type of lamp so that telegraphic 
orders will be unnecessary 

Three Voltage Label. 

30. Manufacturers use a three-voltage method of 
rating lamps. Only one voltage should be specified on 
requisitions and the voltage so specified will be the 

“top” voltage marked on the label pasted on the lamp. 
This “top” voltage is known as “high operating effi- 
ciency voltage.” 


Part Two. 


INSTRUCTIONS RELATIVE TO THE PUR- 
CHASE AND USE OF INCANDESCENT 
LAMPS. 

List of Lamps. 

25. Only the lamps listed below can be inspected 
and tested for life performance by the Test Depart- 
ment. Lamps not listed can be inspected only for 
physical defects and initial rating. Requisitions 
should therefore be confined as much as possible to 
the lamps given in the following list: 


Package. 
Standard 
} : Ratinie; 
HD Mics eva ee Voltage 
: AS A or ar Filament. Bulb. Service. 
= Candle Amperes. 
a —E 7% Power. 
200 250 250 30 W. 100to130 Volts Metallized S-17-A Mult. Burning 
200 250 250 40 W. 100 to 130 Volts Metallized S-19-A Mult. Burning 
200 250 250 50 W. 100 to 1380 Volts Metallized S-19-A Mult. Burning 
200 250 250 60 W. 100 to 130 Volts Metallized S-19-A Mult. Burning 
100 100 100 80 W. 100 to 130 Volts Metallized S-24-A Mult. Burning 
100 100 100 15 W. 100to0130 Volts Tungsten S-17-B Mult. Burning 
G-18-%-B 
100 100 100 20 W. 100to0130 Volts Tungsten S-17-B Mult. Burning 
G-18-%-B 
100 100 100 25 W. 100 to130 Volts Tungsten S-19-C Mult. Burning 
G-25-A 
100 100 100 40 W. 100 to1380 Volts Tungsten S-21-E Mult. Burning 
G-30-C 
50 50 50 60 W. 100to0130 Volts Tungsten S-24-%4-A Mult. Burning 
G-40-A 
24 24 24 100 W. 100 to1380 Volts Tungsten S-30-A Mult. Burning 
24 24 24 150 W. 100to0130 Volts Tungsten S-35-A Mult. Burning 
ap, 12 12 250 W. 100 to130 Volts Tungsten S-40-B Mult. Burning 
8 8 8 400 W. 100 to0130 Volts Tungsten G-56-A Mult. Burning 
8 8 8 500 W. 100 to180 Volts Tungsten G-64-A Mult. Burning 


Schedule for 200 


to 260 Volt Tungsten lamps to be inserted here 
at later date. 


100 100 100 10W. 25to34 Volts Tungsten S-17 Train Lighting 
100 100 100 15 W. 25 to 34 Volts Tungsten S.-19 Train Lighting 
100 100 100 25 W. 25to 34 Volts Tungsten G-18-%-B Train Light. 
24 24 24 50W. 25to84 Volts Tungsten S-21 Train Lighting 
G-30-C 
100 100 100 10W. 50to65 Volts Tungsten S-17 Train Lighting 
S-19 
100 100 100 15 W. 50to65 Volts Tungsten G-18-%-B Train Light. 
100 100 100 25 W. 50 to 65 Volts Tungsten Train Lighting 
24 24 24 50W. 50to65 Volts Tungsten S-21 Train Lighting 
G-30-C 


Schedule for Series burning Metallized filament lamps to be in- 
serted here at a later date. 


Shedule for Tungsten Series burning lamps to be inserted here at 
a later date. 


50 50 50 32CP 3.5, 4.0, 5.5, 6.6, Tungsten S-27-%-A St. Series B. 
and 7.5 Amp. 

50 50 50 40CP 3,5, 4.0, 5.5,6.6, Tungsten S-27-%%-A St. Series B. 
and 7.5 Amp. 

50 50 50 60CP 3.5, 4.0, 5.5,6.6, Tungsten S-27-1%4-A St. Series B. 
and 7.5 Amp. 

24 24 24 80CP 3.5, 4.0, 5.5,6.6, Tungsten S-35-C St. Series B. 
and 7.5 Amp. 

24 24 24 100 CP 4.0, 5.5, 6.6 Amp. Tungsten S-35-C St. Series B. 

12 12 12 200 CP 4.0, 5.5, 6.6, Tungsten S-40-B St. Series B. 

7.5 Amp. 
8 8 8 350 CP 4.0, 5.5, 6.6 Amp. Tungsten G-64-A St. Series B. 
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SCHEDULE T. S. S. 


This schedule applies to large, clear, tungsten lamps. 
cf from 3.5 to 7.9 amperes, inclusive, for street series. 
burning. 

Initial Rating, Limits, and Performance 

Reduction factor 77 per cent. 


Initial Rating. Initial Limits at Average 3 ey 11< 
Labeled C. P. Performance. ae 
2 =e Test life hours 
=5 Poin to 20% drop in 
Ae. sag" 254 Cc. P. at W. P. Bulb. 
specie eLtes Fe US aed a al) we Sy eee 
role a 7 A Pigseioh cass BG St. Side Sphericaly 
ii sies : ital Sybase W.P.M. Test 
re r= . 
Om <n EB fdamn AS<m S.C.Piy lite: 
3.5 1,22 3.0% 8% 1.58 1350 S-27-Y%-A 
, 4.0 1,26 2.5% 8% 1.63 1350 $-27-%-A 
32 5.5. 1.32 1.8% 8% 1,71 1350 S-27-%4-A 
6.6 1.41 1.5% 8% 1.83 1350 §-27-%-A 
Ce) 1.48 3.0% 8% 1,92 1350 S-27-%-A 
3.5 1.20 3.0% 8% 1.56 1350 S-27-%-A 
4.0 1,22 2.5% 8% 1.58 1350 S-27-%-A 
40 5.5 1.27 1.8% 8% 1.65 1350 S-27-%-A 
6.6 1,32 1.5% 8% nicdr (a § 1350 §-27-Y%-A 
9.5 1.36 3.0% 8% Lon? 1350 S-27-1%2-A 
3.5 1,18 3.0% 8% 1.53 1350 8-27-%-A 
4.0 1.18 2.5% 8% 1.53 1350 S-27-\%-A 
4) 5.5 1.18 1.8% 8% 1.53 1350 S-27-Y%-A 
6.6 1.18 1.5% 8% 1.53 1350 §-27-%-A 
(5) 1,18 3.0% 8% 1.53 1350 8-27-Y%y-A 
3.5 nie We 3.0% 8% 1.52 1350 S-35-C 
4.0 1.16 2.5% 8% 1.51 1350 S-35-C 
80 Bab 1.41 1.8% 8% 1.48 1350 8-35-C 
6.6 pA | 1.5% 8% 1.44 1350 S-35-C 
71.5 1.09 3.0% 8% 1.42 1350 S-35-C 
4.0 1.14 2.5% 8% 1.48 1350 S-35-C 
(00 5.5 Ce A ie 1.8% 8% 1.45 1350 S-35-C 
6.6 1.08 3.0% 8% 1.40 1350 $-35-C 
4.0 Les 2.5% 8% 1.47 1350 S-40-B 
200 5.5 110 1.8% 8% 1.43 1350 8$-40-B 
6.6 1.05 1.5% 8% 1.36 1350 S-40-B 
7.5 1,03 3.0% 8% 1.34 1350 S-40-B 
4.0 1.13 2.5% 8% 1.47 1350 G-64-A, 
350 5.5 1.10 1.8% 8% 1.43 1350 G-64-A . 
6.6 105 30% 8% 1.36 1350 G-64-A 


*Upon notice from the manufacturer, the rated ini-— 
tial mean horizontal and the equivalent mean spherical. 
watts per candle may be changed to diminish any or 
all of the figures shown; the lamps at such efficiencies 
shall conform to the initial limits and life performance: 
specified above. 

Respectfully submitted, 
Committee on Specifications, 
J. R. Sloan; (Chaigmaa: 
Sub-Committee on Incandescent Lamp Specifications. 
J. L. Minick, Chairman. 
LS: Bila 
Henry Schroeder, 
B. Fy Fisher 
C. W. Bendes 


REPORT OF COMMITTEE ON WIRE 
SPECIFICATIONS. 


Your Committee on Wire Specifications presents. 
the attached specifications for bare conductors and in- 
sulated conductors for potentials up to 750 volts. The 
Committee has availed itself of the following work 
by outside Associations: 

i, Tetminology sof Electric 
largely upon recommendations 
Standards. 

2. Copper specifications of the American Society 
for Testing Materials. 

3. Rubber Specifications and Method of Analysis. 
of the Committee appointed by the New York Rubber 
Conference of December 7th, 1911. 

The specifications are made in two parts. The first 
consists of Specification Forms with places for briefly 
filling out practically every characteristic of the wire 
or cable which is susceptible of tabulation. The sec- 
ond part consists of general specifications for all, the 
labor and materials entering into the manufacture of 
wires and cables. 

An appendix contains the chemical clauses of a spe- 
cification for rubber insulation and the procedure for 


Conductors based. 
of the Bureau of 


October, 1912. 
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analysis to be used in connection with the specifica- 


tions. 


The Committee recognizes that various grades of 
rubber insulation may be used with advantage in rail- 
road work, according to the degree of permanence 
desired but where great reliability is required, a grade 
of insulation at least equal to that called for in the 


following specifications, should be used. 


The Com- 


mittee will not undertake to express an opinion on the 
relative merits of compounds with a dry mineral base, 
and those containing reclaimed rubber, rubber sub- 
stitutes or other organic substances. 


SPECIFICATIONS. 


1. Scope of Specifications: 


These specifications are intended to cover all kinds 
of wire likely to be used for car lighting, shop machin- 
ery, lighting of buildings, and general distribution 
from low tension, (750 volt maximum) power buses. 
No attempt is made to cover cables for high tension 


transmission. 
2. Terminology: 


The following terminology is based upon a study of 
this subject by the Bureau of Standards, and upon a 
canvass of wire manufacturers and users made by a 
member of this Committee. The Standards Commit- 
tee of the A. I. E. E., also has the subject under con- 
sideration, and when their report is issued, it should 


supersede the following: 


Definitions. 


(a) Wire: A slender rod 
or filament of metal. 


(b) Conductor: A _ wire 
er combination of wires not 
insulated from one another, 
suitable for carrying a sin- 
gle electric current. 


” H 


(c) Stranded Conductors. 
A conductor composed of a 
group of wires or any com- 
bination of groups of wires. 

(d) Cable: (1) A strand- 
ed conductor, (single-con- 
ductor cable); or (2) a 
combination of conductors 
insulated from one another, 
(multiple-conductor cable). 


(e) Strand: One of the 
wires or groups of wires of 
any stranded conductor. 

(f) Stranded Wire: A 
group of small wires used as 
a single wire. 


Remarks, 
The definition restricts the 
term to what would ordinarily 


be understood by the term solid 
wire. The word ‘slender’ is 
used in the general sense of long 
in comparison with the diameter. 
If the wire is covered with insu- 
lation, it is properly called an 
insulated wire; while primarily 
the term wire refers to the me- 
tal, Mevertheless when the con- 
text shows that the wire is in- 
sulated the term wire will be 
understood to include the insu- 
lation. 

The term eenductor is not to 
include a combination of conduc- 
tors insulated from one another, 
which would be suitable for car- 


rying several different electric 
currents. 
Rolled conductors (such as 


busbars) are, of course, conduc- 
tors but are not considered under 
the terminology here given. 


The wires in a stranded con- 
ductor are usually twisted or 
braided texether. 


The component conductors of 
the second kind of cable may be 
either solid or stranded, and this 
kind of cable may or may not 
have a common insulating cover- 
ing. The first kind of. cable is 
a single conductor, while the sec- 
ond kind is a group of several 
conductors. The term cable is 
applied by some manufacturers 
to a solid wire, heavily insu- 
lated and lead-covered; this 
usage arises from the manner of 
the insulation, but such a con- 
ductor is not included under this 
definition of ‘‘cable.’’ The term 
“cable’ is a general one but in 
practice it is usually applied only 
to the larger sizes. A small ca- 
ble is called a “stranded wire’ 
or a “cord,” both of which are 
defined below. Cables may be 
bare or insulated, and the latter 
may be armored with lead or 
with steel wires or bands. In 
all eases a cable is a complete 
conductor, not a part of one. 

The majority of American cop- 
per wire manufacturers use the 
word strand to designate a group 
of bare wires twisted together. 

There is no sharp dividing line 
of size between a “‘stranded wire” 
and a ‘‘cable.’’ If used as a wire, 
for example, in winding induct- 
ance coils or magnets, it is called 
a stranded wire and not a cable. 
If it is substantially insulated, it 
is called not a stranded wire, but 
a “cord’’ defined below. 


(g) Cord: A small cable, 
very flexible and substantially 
insulated to withstand wear. 

(h) Concentric Strand: A 
strand composed of a central 
core surrounded by one or 
more layers of helically laid 
wires or groups of wires. 

(i) Concentric Lay Cable: 
A concentric strand used as a 
completed cable. 

(j) Concentric Rope Lay 
Cable: A cable composed of a 
central core surrounded by 
one or more layers of helically 
laid groups of wires. 

(k) N-Conductor Cable: A 
combination of N conductors 
insulated from one another. 


(1) N-Conductor Concentric 
Cable: A cable composed of an 
insulated central conducting 
core with (N-l) tubular 
stranded conductors laid over 
it concentrically and separat- 
ed by layers of insulation. 

(m) Duplex Cable: Two in- 
sulated single-conductor ¢a- 
bles twisted together having a 
common covering. 

(n) Twin Cable: Two insu- 
lated single-conductor cables 
laid parallel, having a com- 
mon covering. 


(0) Duplex Wire: Two 
small insulated conductors 
twisted together, having a 


common covering. 

(p) Twin Wire: Two small 
insulated conductors laid pa- 
rallel, having a common cover- 
ing. 
(q) Twisted Pair: 
small insulated 
twisted together 
common covering. 

(r) Triplex Cable: Three 
insulated single-conductor ca- 
bles twisted together having a 
common covering, 


3. Form of Specifications: 


Two 
conductors 
without a 


ray 


There is no sharp dividing line 
between a “cord” and a “cable,” 
and likewise no sharp dividing 
line in respect to the character 
of insulation between a “cord” 
and a “stranded wire.’’ 


This is a special case ef the 
concentric lay cable just defined. 


It is not intended 
name as here given be actually 
used. One would instead speak 
of a 3-conductor cable, a 12-con- 
ductor cable, etc. In referring 
to the general case, one may 
speak of a “multiple-conductor 
cable.” 


Usually only 2-conductor or 3- 
conductor, Such conductors are 
used in carrying alternating cur- 
rents. The remarks on the ex- 
pression ‘‘N-Conductor”’ given for 


that the 


the preceding definition applies 
here also. 

The term duplex is used by 
some manufacturers to describe 


twin cable. 
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The two conductors of a “twist- 
ed pair’? are usually substantially 
insulated, so that the combination 
is a special case of a ‘“‘cord.’’ 


The following forms are recommended for wire and 
cable specifications as they minimize the chance of 
accidental omission on the part of the purchaser and 
manufacturer, and save time for the bidder. 


4. Specification Form for Bare Conductor: 
Specification No........ 


eee 


(Items opposite x need not be specified unless they 
are to be special as standards for them are given in 
the General Wire Specifications of the A. R. E. E:) 
Material of conductors (Hard or semi-hard, soft 


drawn copper, or aluminum) 


Share @ re whee Pelee, 6:8) 6! oe) 6 


Material of Core (semi-hard or hard drawn copper).... 
Stranding (concentric lay or concentric rope lay)...... 


xNumber of strands in conductor 
Number of wires in strand (if rope laid) 


Cha ic A ie Jt ot Ta ar 


(Extra flexible conductors shall be specified in terms 
of the number of wires of a regular A. W. G. size). 
Total area in circular mils or equivalent A. W. G. 


gauge number of conductor 


Wire pest nat ] be PEERC CES etre Penman eae ee Srork, Red 
Size of each wire, A. W. G. (if extra flexible........ 
Lenoti wench: piece |. (iasciniiits 50. ais ahs sien aa Oe 


Length (each piece) (Minimum 
Whether to be supplied in coils or on reels 


130 


All workmanship and materials shall conform with 
the General Wire Specification of the Association of 
Railway Electrical Engineers. 


5. Specification Form for Insulated Conductor: 
Specification No...... 
Ditles a. 


ei cete ©;) Me) -«) ave 


(Items opposite x need not be specified unless they 
are to be special as standards for them are given in 
the General Wire Specifications of the A. R. E. E-) 
Number of separately insulated conductors........ 
xMaterial of conductors, (hard of soft-drawn copper 

Orpaltiminuny) eee er eee eRe ee iskate 0 “i «ie see eee 
xType of stranding, (concentric, rope or special lay ) ae 
x Number of strands in conductor 
Number of wires in strand, (if rope laid) 

(Extra flexible conductors shall be specified in 
terms of the number of wires of a regular A. W. G. 


© ee © © 18 © © 6 6 600 Behe enene 


eoceoeceeoeee ee 


size). 
Total area of conductor, Circ. mils, or equivalent A. 
VG ee Nee eee nei aes To! loys « eee eee 


Size of each wire, A. W. G. (if extra flexible) 
Wire (shally be tinned’). ue. qene eee ee ai. ~~ eee 
Wire (shall mot) be tinnedatce = etree seis ts + ee 
Type of Separator, (if any, 
Insulation material (each conductor 
Insulation material (belt 
x Minimum thickness of insulation (each conductor.. 
Minimum thickness of insulation (belt 
x Tape, material 


fe. 0.1.6 (8) 8. a Ip 60) \¢ 10 © e)'e (07 6) (6:1 6:0: Ol eremens 
© 2 00 © © 6 8 .¢ © 6 ae) ee) @ 


6 © ee 6 © © 6 © ee 6 6 8 © 0 © 0 0 6 @ nee! 6 


eo ow 8) (© jel (0). sof 0° (0; ‘w) # im le el lol elle leiie ie) }: (6) se (a 6 ieue er enene 


(each conductor 
Number of tapes (over each layer 
(over all 
(size 
Pressure wire, (if any) (location 
(insulation 
Servitigs, materialyiay. =. ce eee ee 
Servings, number 
Servings, thicknessot each, inches...) +. errata 
x Braid, material 
x Braid, number on each conductor 
x Braid, number over all 
Tracers, (if required), material 
Tracers, (Gf required) )snuniber at... ee 
Tracers, (if required), arrangement 
Laterals, (if required), material 
Filling under sheath 
x Sheath Ui Rncielh haere ee a ae ee 
x ihickness“of sheath, c4theinchi.... om. ..< eee 
x Filling between sheath and armor, (material ....... 
x Filling between sheath and armor, (thickness meas- 
ied Foe Ree ert eee eee 5 ce 

x Filling between sheath and armor, (after armoring 
x Acmior, material. and’ wire or band 22 )....\4, [eee 
x Jute over armor (specify if not wanted) .......... 
Maximum over all diameter (if limit is necessary) ... 
Length (each piece) (Maximum 
CMimnimtin 2.fcis. 0s sce 
Whether to be supplied in coils or on reels .......... 
All workmanship and materials shall conform with 
the General Wire Specifications of the Association of 

Railway Electrical Engineers. 


S 6 ets © 6 © « © © © 6 © ee keueLe 
jo 6 10! 0: 0 ce \6\(0 0) o '¢ @ Je. 10) Clie, e 
© fo weer 0 Je) lale, @) 6 [e 6) 97 16).0).6 <0) «lagna comes 
08 8 0 8 0 8 6 0 6 6 6 6 6 0 6 6 8 ee 8 
o) 0) a ee ¢ (@) 6 © (o) s) 6 1@ 6ye aL eue 
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© 6).0/‘e),0) © (0) © fo) ee) @ ©) e/(e 06 16) a9 10 i@ (¢ 10,10 0) éihe. eae ees 


<6 = 2) 0 (ee, 8 6.0! 070) © 616: (6. 0\se; (@ 6 Tv 9) « © 8008 .0)je) ee 
oo 6:6 be 6 0, 0/6 Se enone 
Pyar eee al CC st Pa HOU St Yc et ee ar} 
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@ & © 6 © 0 fe © ¢ 6 6 610 6 ee eee 
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6. General Specifications: 
The following general specifications are to be used 
in conjunction with the above specification forms. 


%. General Clauses 


(a) All workmanship and materials shall be the 
best of their respective kinds and shall be in full ac- 
cord with the best modern engineering practice. 
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(b) The wire or cable shall be open for inspection 


by an authorized representative of the Purchaser, who 
shall be afforded all necessary facilities to assure him 
that the materials used, and the process of manufact- 
ure, conform with the specifications. The braid or 
sheath shall not be applied until the inspector has 
approved (in writing) the insulation. 

(c) The Contractor shall notify the designated 
representative of the Purchaser sufficiently in advance 
of the completion of the wire or cable to enable in- 
spection to be arranged for. 

(d) The manufacturer shall furnish suitable appara- 
tus and shall make the tests in the presence of the 
Railroad’ Company’s representative who shall be 
allowed every reasonable fiacility to assure himself 
that the requirements of this specification have been 
complied with, except that when chemical analysis of 
the rubber insulation is required, it shall be made by the 
purchaser. 

(e) The combined area of the wires when laid out 
straight and measured at right angles to their axes 
shall be not less than the specified gauge or circular 
mils. Unless otherwise specified, conductors shall be 
of soft-drawn copper. y 

(f) Unless otherwise specified, the thickness of in- 
sulation shall be the minimum allowed by the National 
Board of Fire Underwriters, for 600 volts. 

(g) Unless otherwise specified, the stranding shall 
be concentric and in accordance with the following 
fale: 


TABERL 


Minimum Number of | 


Range of Sizes. Wires in Conductor. 


2,000,000—1,600,000 Cire. Mils, bear 
1,500,000—1,100,000 91 
1,000,000— 550,000 61 
500,000— 250,000 sort 
No. 0000—No. 1 A. W. G. 3 19 
2— 8 Uf 
Smaller Sizes 1 


The following stranding is recommended for extra- 
flexible conductors. 
TABLE ILE 


Approximate Size, Number of Wires of Standard 


A. W.G. A. W. G, Gauge in Conductor. 
0000—00 : 127 

0— 1 91 

2— 6 61 

8—14 37 


(h) If exigencies of manufacture require repairs or 
joints in the insulation, the work shall be done in such 
a way as to leave the repaired part or joint and all 
parts effected by it, as strong and durable electrically 
as the remainder of the insulation. In the case of 
rubber insulation, patches and joints shall be properly 
vulcanized. 


8. Electrical Tests: 
(a) High Potential Test: The high potential test 


voltage shall be applied for five (5) minutes; shall — 


have a frequency not exceeding one-hundred (100) 
cycles per second and shall approximate as closely as 
possible to a sine-wave. The source of energy shall 
be of ample capacity. 


TABE Ese 


TEST POTENTIALS, KILOVOLTS. 


5 Minute Tests. 
Rubber, use 100% of following potentials. 
Varnished Cloth, use 100% of following potentials. 


Impregnated Paper, use 75 % of following poten- 
tials. 
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Size of 

Conductors. Thickness of Insulation, 64ths Inch. 
3 4 5 6 d 8 10 12 
neeaewW.eGe 1.0) 2.0 4.5 45.5 #65 7.5 85 10.5 12.5 
16 Ome. OMe 2:0 0.0m 90.0 9 7.0 618.0) 10:5 12.5 
14 Omeeo OO mmn isms.) ae o.08 11,0) (13,0 
12 ie (OOM on ocOmm OOD et1,00 13.5 
10 Smee OM O:D me S.Qeen S:o8 80:0) 12.07 14.0 
8 SU. Omen S Oho on tt Om 15.08 15.0 
6 LOMO. Some LO. Iie L4:0) 16:0 
4 fe Om O MO Ome LOOM Lica 14.559 17.0 
2 AO 0 Omer; 06 20,008 L2.0i 15:0" 18.0 
1 AO O. ON 5. One LOO L20 e155 18.5 
0 Domo Ome O:OleeL OLS on S.5 
00 Oe Omen O On Ll oe eelo.p an LS.0 
000 DU Ome OO Omar meeL9.() 
0000 A ae Ome Ome IO no oe 1.19.0 
250,000 O.M. GN) Aaya OUT) altaya, | aig) 0) 
500,000 oot O.0e elon LOOn eI4 bn 19,0 
750,000 GO O00 eS .5 
1,000,000 Be BO 18.0 917.5 
1,250,000 (edule: Deine 
1,500,000 Op L207 S70 
1,750,000 6.5 11.5 16.5 
2,000,000 5.0 10.5 15.5 


(For intermediate sizes use the voltages correspond- 
ing to the next larger size, having the same thickness 


of insulation.) 


(b) Insulation Resistance Test: The insulation re- 
sistance shall be measured after the high potential 
test, and shall be made after a one (1) minute electri- 
fication with a battery having an e. m. f. of not less 
than one hundred (100) and not more than five hun- 


‘dred (500) volts and the results corrected to the stan- 


dard temperature of sixty (60) degrees Fahrenheit. 
PAD E SING 
MEGOHM-MILES AT 60° F. BASED UPON THE 
CONSTANT 4000. 
1 Minute Electrification. 
Rubber, minimum shall be 100% of following. 
Varnished Cloth, minimum shall be 15% of follow- 


ing. 
- Impregnated Paper, minimum shall be 124% of fol- 
lowing. 
Size of 
Conductors. Thickness of Insulation, 64ths Inch. 
2 3 4 5 6 7 8 10 12 
16 1400 1800 2150 2400 2650 2850 3050 3400 3650 
18 A.W.G.1600 2050 2450 2800 3000 3200 3400 3750 4050 
14 1550 1850 2150 2350 2550 2650 3050 3350 
12 1350 1600 1850 2050 2250 2400 2750 3000 
10 1150 1350 1600 1800 2000 2150 2400 2650 
. 8 850 1050 1250 1450 1650 1750 2050 2200 
6 850 1050 1200 1350 1450 1750 1950 
4 750 850 1000 1150 1250 1450 1650 
2 650 750 850 950 1050 1250 1450 
1 600 650 750 850 1000 1150 1350 
0 600 700 800 950 1050 1200 
00 550 650 750 850 950 1050 
000 500 600 650 750 850 1000 
0000 450 550 600 650 800 950 
250,000 C.M. 400 475 575 625 725 875 
500,000 300 3875 400 475 575 675 
750,000 325 400 475 525 
1,000,000 300 325 400 475 
1,250,000 395 3875 . 425 
1,500,000 300 325 400 
1,750,000 975 300 375 
2,000,000 200 275 325 


9. Copper, Soft, Semi-Hard and Hard Drawn: 

The current issue of the specifications of the Amer- 
ican Society for Testing Materials shall be complied 
with in every respect. Sufficient data on the conduc- 
tivity of tinned wire not being available, allowance 
will be made in conductivity by the inspector. 

10. Tinning: 

Tinned wire shall be provided with a heavy uniform 
coating of commercially pure tin without projections. 

Where tinned wire is supplied but not called for, the 
following test is not required. : 


- 


RAILWAY ELECTRICAL ENGINEER 


131 


Samples of wire, before stranding or covering, shall 
be thoroughly cleaned with alcohol and immersed in 
hydrochloric acid or specific gravity 1.088 and temper- 
ature 60° F. for one (1) minute. They shall then be 
rinsed in clear water and immersed in a solution of 
sodium sulphide of specific gravity 1.142 for thirty 
(30) seconds and again washed. This operation shall 
be repeated three (3) times and upon the completion 
of the fourth cycle, the sample shall show no sign of 
blackening. 

The sodium sulphide solution shall contain an ex- 
cess of sulphur and shall have sufficient strength to 
thoroughly blacken a piece of clean untinned copper 
wire in five (5) seconds. 

11. Separator: 

The separator may consist of soft cotton yarn, 
(which may be braided), or of paper or muslin tape. 
With untinned conductors, the separator shall com- 
pletely cover the conductors; with tinned conductors, 
it is desirable that the separator shall allow the insula- 
tion sufficient contact with the conductor to prevent 
the conductor sliding in the insulation. 

12. Rubber Insulation (with Mineral Base): 

(a) Limits: The compound shall conform in chem- 
ical limits and specific gravity with the requirements 
of the Committee appointed by the Rubber Confer- 
ence of December 7th, 1911, New York. (See Appen- 
dix). 

(b) Concentric Application: The compound shall be 
applied concentrically about conductor and shall fit 
tightly thereto. The conductor shall be tinned. If 
necessary, in order to achieve this result on insulated 
conductors of greater diameter than three-eights (34) 
of an inch over the insulation, a tape shall be applied 
over the insulation before vulcanization. Such tape, if 
it does not comply with the tape specification given here- 
inafter, will be additional to any which may be required 
in the accompanying wire specification form. 

(c) Tensile Strength and Elongation: A sample 
which may be of entire, segmental, or approximately 
rectangular cross-section, at the discretion of the 
manufacturer, shall be cut from the insulated conduc- 
tor by means of a sharp knife. The sample shall be 
bent in very direction to magnify and reveal any sur- 
face incision or imperfection which may exist. A por- 
tion of the sample without such defects and having a 
free length of not less than two (2) inches shall then 
be stretched at the rate of twelve (12) inches per min- 
ute, until it breaks. The marks shall be placed on the 
insulation before its removal from the conductor. Five 
(5) samples from every 25,000 ft. or less, shall be tested 
in this way. Tensile strength and elongation tests shall 
be made on unstretched samples. 

Then compound shall conform to the following 
limits: 

RA BILE Vi: 
Property. 
Tensile strength, lbs. per sq. in. (each sample). — 
Elongation intwo (2) in. length at break 

(times original length). .......2.....«.-- — 5 
Elongation 5 seconds after release, when 

stretched at the rate of 12 in. per minute 

£0 B times bse lemet hn aye criss aie eel iso vee 20% a 

(d) Electrical Tests: Electrical tests shall be 
made upon all wire or cable after at least twenty-four 
(24) hours immersion in water while still immersed and 
before the application of any covering other than the tape 
or braid used in vulcanization. The insulated conductor 
shall successfully meet the high potential tests specified 
in Table III. In the case of rubber insulated multiplex 
cables, the insulation resistance shall be measured be- 


Maximum Minimum 
1000. 
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fore assembling the conductors. An additional 
electrical test shall be made on lead covered cable 
only and shall consist of a high potential test to be 
made upon the cable after assembling and leading and 
without immersion in water. In the case of multiplex 
cables, this test shall be made successively between 
each conductor and the other conductors and sheath. 

The insulation resistance shall be not less than is 
given in Table IV. 

The insulation resistance (megohms) at a given 
temperature shall be reduced to that at 60 deg. Fahr. 
by dividing by the co-efficient in Table VI correspond- 
ing to that temperature. 


UGA B LVL: 


(Tests shall be made at temperatures within the 
scope of this table). 


Coefficient Coefficient 
Temperature shall not be Temperature shall not be 
Degrees Fahr. greater than Degrees Fahr. less than 

2 as 1.44 60 1.000 
47 1.41 61 974 
48 1.37 62 .949 
49 1.34 63 925 
50 1.30 64 901 
51 1.27 65 878 
52 1.24 66 855 
53 1.20 67 833 
54 Tile 68 812 
55 1.14 69 stig! 
56 i alal 70 aver il 
57 1.09 71 751 
58 1.06 72 732 
59 1.03 73 713 
60 1.00 74. .695 
75 677 


dR arn red Cloth Insulation: 


(a) Description: The insulation shall consist of a 
closely woven cotton cloth and a viscous filler. Each 
surface of the cloth shall have smooth continuous 
films of varnish and shall be free from wrinkles, blis- 
ters, and all other imperfections. It shall be thor- 
oughly impregnated with insulating compound, shall 
bé pliable and shall have no tendency to crack when 
doubled on itself. 

(b) Filler: The filler shall be a viscous moisture- 
repelling insulating compound whose dielectric con- 
stant is similar to that of the varnished cloth insula- 
tion and of such a nature that it will prevent the tapes 
from unwrapping when cut, but will allow the layers 
to slide upon each other when the cable is bent. 

(c) Assembly: The insulating cloth shall be ap- 
plied in the form of tape wound on spirally and re- 
versed at least every two layers. The tapes shall be 
of such widths that for different diameters of cable 
they will lie smoothly and be free from wrinkles; the 
turns shall overlap and the joints in successive layers 
be staggered. The filler shall be so applied between 
layers as to exclude all air, the whole forming a hard 
semi-flexible wall of insulation. 

(d) Tape: A layer of cloth tape thoroughly filled 
with a rubber compound lapping one-fourth of its 
width shall be applied over the cloth insulation, — 

(e) Electrical Tests: Each and every length of ca- 
cable shall conform to the specified electrical tests. 
Braided wires to be tested after twelve (12) hours 
immersion in water and before the braid: is applied ; 
lead covered conductors to be tested against the 
sheath with sheath grounded. Multiplex cables shall 
‘ be tested between each conductor and the other con- 
ductors and sheath or ground in multiple. 

14. Impregnated Paper Insulation: 

(a) Description: The insulation shall consist of a 

Manila paper applied helically and evenly to the con- 


R 


5. 
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ductor, and then thoroughly impregnated with an in- 
sulating compound. The cable shall be pliable and — 
show no tendency to harden injuriously at 32° F. The 
pacer or compound shall contain no free acids or free 
alkalis. The compound shall be applied so as to exclude 
all air and moisture. 

(b) Tensile Strength: The tensile strength of the 
paper measured lengthwise before impregnation shall 
be equivalent to the weight of a strip not less than 
20,000 feet long, and its elongation shall be not less 
than two (2) per cent. in a length of two (2) inches, 
Acceptance will be based upon the average of six (6) 
tests on samples selected at random from every order, — 

(c) Electrical Tests: Each and everry length of ca- 
ble shall conform to the specified electrical tests. No 
immersion is required before testing. The potential 
test to be made between conductor and sheath with 
the sheath grounded. Multiplex cables shall be tested 
between each conductor, and the other conductors 
and sheath or ground in multiple. 

15. Braids. 

(a) Description: Braid shall be of closely woven 
cotton thread, at least two-ply, thoroughly impreg-— 
nated with an insulating weatherproof compound and 
finished with a black insulating compound thoroughly 
slicked down. The compound shall be neither injuri- 
ously affected by nor have injurious effect upon the — 
braid at a temperature of 200° F. The thickness shall 
be not less than given in the following table. 

PARLE Wits 


Diameter Over the Insulation, Thickness of Braid, Inches, | 


Inches. not less than, 
.160 .018 
.290 .028 
.530 .038 
1.000 and over .053 


For intermediate diameters use next smaller dia- 
meter. . 

NOTE:—The above does not apply to fancy or spe- 
cial braids for fixtures, etc. 

(b) Tests: A six inch sample of wire with care- 
fully paraffined ends shall be weighed and submerged 
in fresh water of a temperature of 70 degrees F. for 
a period of twenty-four hours. The increase in weight 
after submersion and removal of surface water shall 
be not more than 9 per cent. of the weight exclusive — 
of copper and insulation before submersion. - The 
compound shall not drip at a temperature of 125° F. 


16. Rubber Filled Cloth Tape: 

The tape shall consist of a cotton cloth not lighter 
than one (1) pound per four (4) yards 36” wide with 
not less than 56x60 picks per inch, thoroughly filled 
with a rubber compound. The tape shall be applied 
spirally overlapping not less than one-quarter of its 
width. The following table gives the maximum width 
of tape allowed. 


TABLET 
Diameter Over Insulation, 
Inches. Maximum Width of Tape. 

2.00 laa! 
a SA 4-1” 
1.50 4” 
1.25 3-4” 
1.15 3-4," 
1.00 of 
88 2-34” 
15 9-34" 
62 2” 
50 1-4” 
4 146" 

.38 1-34” 
31 qe." 
25 %" 
19 34” 
.16 54” 


> ad 
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For intermediate diameters use next smaller dia- 
meter. 
17. Sheath: “6 
(a) Thickness: Unless otherwise specified the 


' sheath shall have an average thickness of not less 


[ 


than that indicated in the tabulation next following, 
and the minimum thickness shall in no place be less 
than ninety (90) per cent. of the required average 
thickness: 
WAS SE xe 
Corresponding Thickness of Sheath 
in Inches. 


Rubber or Var, 
Cloth Insulation. 


Diam. of Core, Inches, 
Paper Insulation. 


—0.29 5/64 4/64 
0.30—0.69 6/64 5/64 
0.70—1.24 7/64 6/64 
1.25—1.99 A 8/64 7/64 
2.00—2.69 9/64 8/64 
2.70—over 10/64 9/64 


For intermediate diameter use next smaller dia- 
meter. 

(b) - Composition: The sheath shall consist of com- 
mercially pure lead for all cables having a core dia- 
meter (i. 0. internal diameter of the sheath) less than 
two inches; for cables having a core diameter equal 
to two (2) inches or more the sheath shall consist of 
an alloy of lead and commercially pure tin containing 
not less than one (1) per cent of tin. 

18. Wire Armor: 

If the cable is rubber insulated, it shall be covered 
with tape, braid, or other suitable protection before pass- 
ing through the asphalt compound. 

(a) Armor: The core of the cable shall be run 
through a hot asphalt compound, served with a layer 
of jute yarn, run through hot asphalt again, and then 
laid with galvanized wire armor. 

(b) Size of Wire: The porper size of armor wire 
will depend upon the conditions of service; the lati- 
tude allowed in the following table represents the dif- 


‘ference arising from such difference in service condi- 


tions. Unless otherwise specified, the armor wire 
shall be the minimum size. 


TEA eX. 


Jute Bedding Under 
Armor. 
Measured in Finished 


Diameter of Cable 


Under Jute Bedding, Armor Wire 


L Inches. A.(Steel) W.G. Cable, Inches. 

0.00—0.50 14—13 2/32 minimum 
0.44—0.69 12 2/32 
0.63—1.00 10 2/32 
0.88—1.50 8 2/32 
1.25—2.00 6 2/32 
1.30—larger 4 2/32 


(c) Lay: The armor shall be applied closely with- 
out appreciable space between adjacent wires. The 
lay shall be from eight to twelve times the pitch dia- 
meter. 

(d) Finish: The armored cable shall be run 
through hot asphalt compound, served with a layer of 
the best three-ply.14 lb. hard twisted jute yarn applied 
in a close short lay, run through hot aspalt compound, 
then served with a second layer of three-ply, 14 Ib. 
jute yard, run through hot asphalt compound and 
finally run through some material to prevent sticking. 

(Under certain conditions, the purchaser may find 
it advisable to specify the omission of the outer jute 
covering). 

(e) Direction of Lay: Successive layers of jute or 
jute and armor shall be laid in opposite directions. In 
the case of multiple conductor cable armored without 
lead, the outside layer of conductors shall be put on 
with a right hand lay. The armor shall be put on with 
a left hand lay. 
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(f) Definition of Lay: The direction of lay is de- 
fined as the lateral direction in which the wires run over 
the top of the cable as they recede from an observer 
looking along the axis of the cable. 

g) Armor Wire: The armor wire shall consist of 
a galvanized mild steel wire of uniform diameter, free 
from all cracks, splits or other flaws. Samples shall 
be taken (at random) from ten per cent of the coils 
to be used, for each of the following tests. At least 
eighty per cent of the samples shall fulfill the condi- 
tions of the tests in order that the-whole lot may be 
considered satisfactory. 

(h) Tensile Test: The wire must have a tensile 
strength of fifty-thousand (50,000) pounds per square 
inch and an elongation of not less than ten per cent 
(10%) in eight inches. 

(i) Galvanizing Test: Thoroughly clean a sample 
to remove all dirt and grease, rinse in clean water and 
wipe dry with a clean cloth or cotton waste. Immerse 
for one minute in a solution of copper sulphate, rinse 
in clean water and wipe dry. Repeat this operation 
until the samples have been immersed four times. 
After these immersions no sample shall show any 
bright deposit of copper. The samples shall be ap- 
proximately straight and the ends protected with pa- 
rafin. The solution shall be saturated with copper 
stilphatesatmou ob. to, which an excess of C.0P. ‘cupric 
oxide has been added and shall be maintained at 60°- 
65° F. during the test. 

(j) Flexibility Test: The armor wire shall admit 
of bending around a spindle of ten times the diameter 
of the wire and back again without developing cracks 
of the galvanizing which are visible to the naked eye. 
19. Steel Tape Armor: 

(a) Description: The core of the cable shall be 
run through a bath of hot asphalt compound, served 
with a layer of jute yarn, spun on with a close short 
lay, run through hot asphalt compound, armored with 
a steel tape: armored with second steel tape; run 
through hot asphalt compound, served with a layer of 
one hundred pound jute yarn without a close short 
lay, run through hot asphalt compound and finished 
by running through some material to prevent stick- 
ing. If the cable is rubber insulated, it shall be covered 
with tape, braid, or other suitable protection before pass- 
ing through the asphalt compound. Each layer of jute 
shall be applied in the reverse direction to the adjacent 
layer. The space between adjacent turns of steel tape 
shall not exceed one-tenth (1/10) the width of the steel 
tape. 

(b) Armor Tape: The tape and jute under armor, 
after armoring, shall conform to the following table: 


TABLE XT. 
Maximum Minimum Minimum 
Cable Diameter Width Thickness Thickness 
Before Armoring, Steel Tape, Each Tape, Under Armor, 
Inches. Inches. Inches, Inches. 
—0.45 y% 0.02 0,06 
0.46—0.75 34, 0.02 0.06 
0.76—1.00 1 0.03 0.07 
1.01—1.40 1-4 0.03 0.07 
1.41—1.70 . 1-y% 0.04 0.08 
1.71—2.00 1-%, 0.04 0.08 
2.01—over 2 0.05 0.09 


20. Cable Reels: 

(a) General: Each reel shall consist of a wooden 
drum with wooden discs or heads securely fastened 
thereto. 

(b) Bushings: Each disc or head of the reel shall 
be provided with an iron plate or cast iron bushing in 
the center of which shall be a hole two and one-half 
(21%4) inches in diameter. The plates or bushings 
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shall be secured to the head by means of bolts or lags 
through the head. 

(c) Covering: Insulated cable shall be thoroughly 
covered with burlap before lagging is applied. 

(d) Lagging: When used for insulated cable the 
reels shall be suitably lagged; when used for bare 
cable, the lagging of the reel shall be replaced by a 
burlap covering securely bound to the cable. 

(e) Chocking Reels shall be properly chocked in 
the car so that there shall be no movement of reels 
during transit. 


APPENDIX. 
The recommendations of the Committee appointed 
by the New York Rubber Conference of Dec. 7th, 


Report of Committee on 


Your committee has endeavored to collect and re- 
port on all methods, ways and means of operating 
electric lighted cars that it thought would aid the 
members of the association. 


Head-End System. : 

The changing over of head-end systems from 110 
volts to 60 volts and advantages of change were cov- 
ered by this committee last year. ‘Therefore it is 
sufficient for this committee to report that all the ad- 
vantages expected by this change have been realized 
by roads that have changed over (and a step has been 
gained by this Association in having its recommenda- 
tions on the adoption of universal voltages accepted 
by the roads it represents). 


Head-End Organization. 


It is universal practice to use baggage men and 
teach them to operate train lighting sets. These men 
handle all connectors and stock en route and clean up 
their equipment before arriving at end of run, leaving 
a complete report of the condition of their train, the 
generating sets, oil and supplies for train. Also in- 
spections of condition of trains are made by yard men 
detailed on this work. The B. & O. Ry. employ train 
electricians who do nothing but electrical work. 


Axle Device. 


It is necessary to have men devoting all or part of 
their time on inspecting the following items: Wiring, 
fans, lamps, fixtures, etc., suspension drive, etc., regu- 
lators, dynamos, battery washing, flushing gravity, 
shop work in yard overhauling dynamos, regulators, 
fans and parts of equipment. Car shop work, wiring 
and equipping cars and overhauling parts of equip- 
ment on cars going through shops. 

In checking over organizations on various roads 
and comparing them it is not possible to form a uni- 
versal organization to handle all railroads as the con- 
ditions vary a great deal. One road with over 400 
cars has about 20 cars per day whereas a road with 
fewer cars has 40 or 50 cars per day at their largest 
terminals. The time trains arrive and leave also has 
its effect on an organization. It has been checked up 
however that two men can handle 15 cars per day (10 
hours) exclusive of batteries and shop work, handling 
only regulators and dynamos. 

It is thought by the committee that the matter of 
belt fasteners is a subject that deserves some attention 
and the following deductions made. 

That with Crescent Clamps belt breaks behind 
clamps and is the cause of the large belt loss. 


Cres- 


1911, to be added when that Committee has presented 
its report. 

Mr. F. J. White takes exception to clause 12-(a), 12- 
(b), and 12-(d). Mr. T. D. Waring takes exception to | 
tables III and IV. 

Committee on Specifications: 

J. R. Sloan, Chairman. 

Sub-Committee on Wire Specifications: 

W. A. Del Mar, Chairman. 


A. Ames, G. G: Milne, 
Gel rater. H. B. Rodman, 
Wee aC atk R, Ci Steam 
(Davis: T. D. Waring, 
B. W. Kline, E.'S: WwW Sires 
W. I. Middleton, E. L. Willson. 


Train Lighting Practice 


cent belt clamp are easy, handy and quick to apply, 
this being the strongest argument in their favor. 

Wire lacing wears out and will not run over 3000 
miles. 

Therefore it is recommended that some of the hinge 
type of belt fastening devices be given a thorough 
trial. In trying out these devices the pins and fasteners 
should be inspected and given the same attention that 
must now be given to the Crescent Clamp, such as 
looking out for cracked belts, etc. It is believed if 
this is done, although a special belt man be put on to 
do the work and the fastener may cost more, a saving 
in belt can be made which will more than offset the 
additional expense. 

One difficulty with many of the hinge type of clamps 
is the fact than one-half of the clamp has to be thrown 
away whenever the belt is shortened as the clamps 
are not constructed so they can be removed and used 
over again. That is particularly true of the steel lace 


type. 


Cleaning Batteries. 


Batteries are brought into battery house on trucks, 
connectors removed and covers are taken off. Steam 
is used to soften sealing compound and covers, mak- 
ing covers soft as they are less liable to break when 
removed. ‘They can be laid down on a flat surface 
and weight placed upon them and all covers will be 
straight when cool. A wooden hood with a hinge in 
center and a hole for admitting steam is placed over 
top of battery tray and steam admitted until covers 
can be taken out without scraping off sealing com- 
pound. A hot iron, chisel shaped, can be used if steam 
is not available. 

Battery house trucks should be as high as benches 
and acid tanks. Truck is then pulled beside acid tank 
and acid dumped. One man can do this if tank and 
truck heights are right. Batteriessare then taken to 
wash-bench and elements removed with a single whip 
chain tackle with insulated hooks, side and end sheets 
and porcelain insulating rests removed. Elements are 
straightened under air pressure, separators adjusted, 
etc. No water is turned on elements as it makes it 
hard to standardize acid after battery is re-assembled 
and it is not recommended by battery manufacturers. 

Trays are taken to tray bench, sediment scraped out — 
in boxes or barrels and they are washed out over | 
spray as shown in figure No. 1. Sediment should be 
kept out of sewer and it is trapped as shown in figure 
No. 2. Dry sediment is sold for $40.00 per ton. The 
tanks are then cleaned off with a jet of steam which — 
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removes all corrosion from iron work and frees rollers, 
dryed with air blast, bottoms of tanks painted and 
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Fig. 2. Diagram of Air Spray Washer, 

rollers oiled. Porcelain insulating rests are then put 
back in tanks, elements replaced and rubber side and 
end sheets put in (side and end sheets are placed in 
hot water for a few minutes before applying to make 
them flexible and less liable to break). Connectors 
are then applied, acid at 1.225° put in cells and they 
are charged until acid stops rising for one hour, then 
discharged and fully charged; watching temperature 
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are then applied and sealed, compound is poured in 
hot and smoothed with a hot iron, connectors applied 
and burnt or tacked with hydrogen flame to  in- 
sure good contact. Care should be taken to see that 
all hydrogen gas is out of cells before flame is brought 
near battery. Cells can be freed from hydrogen gas 
by blowing them out thoroughly with compressed air 
or if this is not available batteries should be flushed 
to nearly the overflowing point to drive this gas out 
and later syphoned out to the correct height. Tanks 
are painted and stenciled. It is a good practice to 
shellac tank before stenciling then the while lead does 
not turn yellow, shellacing over stenciling after it 
drys. It is also good practice to use a lead plate 
tacked on the front of the cell on which the date bat- 
tery was new and the dates it has been cleaned are 
stamped with steel stencil. This affords a record 
which is practically permanent and does not wear out 
as does the stenciling done with paint. 


MANNER OF HANDLING REPORTS ON ELEC- 
TRIC LIGHTED CARS. 


This committee has given considerable attention 
and as the number of electric lighted cars increased on 
the larger roads the present system and forms of re- 
ports are becoming cumbersome and taking up a great 
deal of time, therefore your committee submits a sys- 
tem of reports as follows: 

A book form with a carbon copy, original going to 
Chief Electrician and carbon left in the car for the in- 
formation of the inspector at the other end of the line. 
These originals can then be filed in date order in 
pigeon holes under car number and held for thirty 
days or longer and afford a ready reference without 
any copying being done. A card file can also be 
kept in connection with this book form on which 
the history of the car can. be kept such as the 
time car was delivered from the car builder, dates car 
goes in and out of shop, record of accidents to car, 
dates batteries were changed, dynamo removed for 
overhauling, equipment failed, etc. This can be kept 
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during charge, connectors removed and acid is then 
dumped and standardized and replaced (if it is not 
possible to dump acid to standardize it after cleaning 
is done, battery should be fully charged before cleaning 
to drive all acid out of plates, then if elements are not 
washed in water the acid will be fairly even). Covers 
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in a separate card file or in the pigeon hole with the 
other reports for ready reference. This system has 
many advantages as it keeps inspectors at opposite 
ends of the line thoroughly familiar with what work 
the inspector does at the other end of the run and it is 
recommended by your committee for adoption. 
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IT IS GOOD PRACTICE TO. 


In designing battery box for Edison batteries, ar- 
range it for five cell trays. 

Install amp. hour meters with Edison Batteries as 
there is no definite check on voltage or gravity to in- 
dicate state of charge battery is in. (Question for 
discussion-) 

Take gravity readings on pilot cell on lead batteries. 

Take voltage of battery and voltage across lamps 
to check lamp regulator and locate dead cells. 

White lead battery trays, it preserves them (ques- 
tion for discussion.) 

To avoid use of oak in constructing battery trays 
(question for discussion.) 

Use porcelain skids on battery trays instead of 
rollers. 

Install lamp regulators in all cars on head-end sys- 
tem so that a voltage sufficiently high to charge the 
batteries enroute can be maintained without straining 
lamps and in this way do away with yard or terminal 
charging. 

Check train line connectors on daily performance 
report. 

Seal adjustments on regulators. 

Use center fixtures for lighting instead of side 
brackets where possible, parlor and club cars must be 
given consideration. 

Use 5/16” cap screws for securing covers on junc- 
tion boxes. 

Install all conduit on interior of baggage and mail 
cars. 
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Have dynamo clearance as follows: 
car body and top of generator, 1” between belt and top 
of end sill and 1%” clearance between brake beam 


truss rod and axle pulley when brake shoe has worn 


out and with a wheel which has been turned down to 
the minimum tire wear. 


Have battery and equipment boxes and also steam 


drips as far away from dynamo as possible so inspec- 
tors can get under cars to inspect dynamo easily. 

Have steam drips and other drains equipped with 
suitable shields to keep water and ice off dynamo. 

To avoid loss motion in link type dynamo suspen- 
sions they should be made of as few pieces as possible. 

Secure side irons on link suspensions by putting 
hook bolts over side irons where they leave end sill 
of truck to hold them down, otherwise they will pound 
and break due to crystalizing of iron. 

Have dynamo installed on opposite end of car from 
kitchen. 

Have dynamo installed on the front truck of cars 
running in one direction such as observation cars. 

Have specifications on wiring cars, including blue 
prints of al lockers, junction boxes, battery boxes, wir- 
ing diagrams, spacing and location of lamps, etc. : 

Use dynamo leads made up of No. 30 wires. They 
are more flexible and test has shown they give better 
results than leads made up of larger wire. 

Give new material and devices on test the same at- 
tention that you have to give the material and devices 
that the tested material would replace, the service of 
the new apparatus when given this attention may ef- 
fect a saving. 


Vol 4, No, 


4” between — 


Use reflectors and shades on all lamps where posgil ; 


ble, using steel reflectors in baggage and mail cars. 


Use ventilated fixtures to prevent blackening of 


lamps. 
Install four fans in dining cars. 


Install exhaust fans or other effective ventilating 


system in kitchens and smoking compartments of par- 
lor and observation cars. 

Use no steel battery boxes unless wood lined. 
(Question for discussion.) 

Keep armature pulleys crowned 4" (diameter.) 

Use as large a dynamo armature pulley as possible. 
They are easier on belts. 

Use flanged axle pulleys. (Question for discussion.) 


In spacing and laying out lighting in mail and bag- 
gage cars to space lamps for putting in 25 watt lamps 
so that they by using every other socket 50 watt lamps 
will give the desired illumination. 

Install lamps regulators on inside of cars. 

Bush all bearings and wearing parts of dynamo sus- 
pensions. 

Use stamp metal fuse links in place of copper ter- 
minal fuse links. They are better and handier. 


Use lamps of standard bulbs and bases and see that 
fixtures are designed to take standard lamps. 


Keep lamps and reflectors clean, they work at a 


higher efficiency. 


Use yard charging outlet as per figure No. 3. 

That part of this paper which is headed “It is good 
practice to” contains a great many features that have 
come up on which there is a gerat deal of uncertainty 
as to the practicability of adoption and it is recom- 
mended that such items be discussed and voted on. 


F. E. Hutchinson, Chairman. — 
F. R. Frost, 

C. R. Gilman, 

Geo. B. Colgroy 2, 

L.S: Billa: 
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EXHIBITS OF COMMITTEE ON STANDARDS 
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Report of Committee on Standards 


This part of the Committee Report was not received in time to be published in the advance copy 
of reports, but this should be considered as a continuation of the Report of the Committee on Stand- 


ards given on page 122.—Ed. 


At the last annual meeting held in Chicago on No- 
vember 8, 1911, your committee submitted a report, 
containing twenty-seven recommendations for stand- 
ard practice. These recommendations were sub- 
mitted to letter ballot and unanimously adopted. 

On March 21, 1911, these recommendations were 

iven careful consideration by the Train Lighting 

mmittee of M. C. B. Association, with the result that 
the recommendations of Train Lighting Committee of 
M. C. B. were changed. The suggestions of the 1912 
Committee were submitted to letter ballot, with re- 
sult that recommendations one to nine inclusive were 
adopted by the Master Car Builders’ Association, 

The subject of twenty-one of the twenty-seven 
recommendations adopted by our own Association, have 
been adopted by the M. C._B. Association, three have 
been incorporated in the M. C. B. Book of Rules and 
two have been recommended for future consideration. 

For the information of our members, the adopted 
recommendations of our Association and the adopted 
recommendations of the Train Lighting Committee 
mor the M. C. B., are included in this report. The 
various subjects were voted upon separately by let- 
ter ballot and adopted or otherwise disposed of, as 
stated below. 

For convenience in making this report, the recom- 
mendations adopted by the M. C. B. Association are 
first noted, and the recommendations of the A. R. E. 
E. being noted second together with such comments 
as may be necessary for the better understanding of 
the subject. 

Rec. No. 1 M. C. B. 

That in electrically lighted cars the following volt- 
ages should be used: 

60 volts (nominal) for straight storage, head-end and 
axle-dynamo systems. 

30 volts (nominal) for straight storage or axle- 
dynamo systems. 

Seec. NO. 11 A. R. E. E, 

That the following voltages should be used: 

60 volts (nominal) for straight storage and head- 
end systems. 

30 volts (nominal) for straight storage or axle- 
__ dynamo systems. 

_ Rec. No. 2 M. C. B. 

That each electrically lighted car be provided with 
a notice giving the following information, and that 
this notice shall be posted in the switchboard locker: 

*System. 

Type of Generator. 

Type of Regulator. 

Voltage of System. 

Ampere Hours Capacity of Battery at 8-hour rate. 

Number of Sets of Battery in Parallel. 

Nominal Charging Rate—— Amps. 

Size of Train Wires—B. & S. 

Number of Train Line Wires 


max. amps. 


C'S BRI 


Capacity of Generator Amps. 

Axle Pulley————— in. diam. 

Generator Pulley in. diam. 
Te in. 


Length of Belt 


*State whether axle dynamo, straight storage, and if used on head- 
end svstem., 


Wiring diagram (show location and capacity of fuses). 


Ree Wotlk: E. E. 


That each electrically lighted car be provided with 
a notice giving the following information; that this 
notice shall be posted in the Electric Locker: 
System. 
Type of Generator. 
Type of Regulator. 
Type of Lamps. 
Voltage of System. 
Voltage of Lamps. 
Number of Cells Storage Battery. 
Norm Charging Rate (At Charging Receptacle) 
mp. 
Size of Train Wires, No. Baws 
Number of Train Wires (2 or 3). 
Capacity of Generator Amp. 
Setting of Axle Generator Amp. 
Setting of Auto. Switch Volts. 
Setting of Zero Charge Relay Volts. 
Setting of Lamp Regulator Volts. 
Capacity of Battery (At 8-Hr. Rate)——Amp. Hrs. 
Ampere Load—All Lights (lights only)——Amp. 


Axle Pulley In. Diam. In. Face Ine;Bore 
Generator Pulley In. Diam. In. Face. 
Pulley Bushing In. Diam. of Bore. 

Length of Belt Ft. In. 


Diagram of connection (showing location, type and 
ampere capacity of fuses). 


Rec. No. 3 M. C. B. 


‘That the rules of fire underwriters shall cover all 
car wiring. 
Ree Nomi SeAs REE EB. 


That the rules of fire underwriters shall cover all 
wiring and installation of electrical equipment in cars. 
Rec. No. 4 M. C. B. 


That all wiring under car to the switchboard shall 
be run in conduit. 


Kees NOS Opaa eo 8. 


That all wiring under car to the switlhboard shall 
be run in conduit. 


Rec. No. 5 M. C. B. 


Standard lamps for car-lighting service should be 
in accordance with dimensions as shown on Exhibit 


RécoN ORG aes io E, 


That the style of lamp known as the G-18-% with 
short Edison base mounted on globe in such manner 
that there is a %4 in. neck between base and globe be 
used for train lighting. That when larger candle 
power is required the G-30 globe should be used for 
train lighting. 


Rec. No. 6 M. C. B. 


That where train-line connectors are used, a con- 
nector having dimensions as shown on Exhibit A 
shall be used and located as shown on Fig. 1, with 
connections to dynamo, battery and jumper as shown 
on Fig. 2. 

If only two wires are used they shall be connected 
to the outside terminals and the female connector on 
each end of the car shall be stenciled, “Not for use 
on head-end system.” 
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Rec eNO. etapa. 

That all cars operated on head end systems, must 
be equipped with three train lines; that all cars fur- 
nished by a foreign road, for service in trains on 
head-end systems must be equipped with either per- 
manent or temporary train lines, and the standard 
train line connector and receptacles. 

That where train line wires are installed they must 
be fitted with standard train line receptacle and con- 
nector located as shown on figure one, with connec- 
tions to battery, dynamo and jumper, as shown on 
figure two. If only two wires are used the center 
connection is to be omitted, and female receptacle 
marked—NOT FOR USE ON HEAD-END SYS- 
TEMS. 

That Standard connectors must be interchangeable 
with the No. 3 Gibbs connector and receptacle. 

Rec. No. 7 M. C. B. 

That each electrically lighted car, equipped with 
batteries shall be provided with two charging re- 
ceptacles with swivel supports, as shown in detail on 
Exhibits B, C and Di installed one on each side of 
the car as shown on Exhibit E. the outside annular 
ring to be the positive. 


RecNooo Anh whee, 
That each electrically lighted car, equipped with 
storage battery boxes, must be provided with one or 
preferably two charging receptacles of sufficient ca- 
pacity to carry 65 amperes of current without temper- 
ature rise exceeding 15° C., provided with a_seli- 
closing cover, and terminal connections to receive a 
standard charging plug. 
The standard charging plug and receptacle must 
be interchangeable with the Anderson type “A.” — 
The positive pole must be connected to the outside 
annular ring, negative pole to center post. 
Rec. No.8 M.C.B. , 
That each electrically lighted car shall be provided 
with a switchboard upon which shall be mounted 
switches, fused switches or terminals. 


The switches, fuses or terminals to protect and - 


completely disconnect the following parts: 

(a)? Ttain Jeine, 

(b) Battery. 

(c) Axle dynamo. 

(d) Circuits for lamps, fans, etc. ph 

The axle dynamo terminals to control the positive 
and negative armatures and the positive field of the 
dynamo. Each of the above switches, fuses or ter- 
minals to be plainly marked, designating the part 
controlled, the positive terminal to be on the right 
side facing the board. : 
ReceoNos (Ame ee 

That each electrically lighted car shall be provided 
with a switchboard: that on the switchboard there 
must be mounted switches, fused switches, fuses, or 
terminals, to completely disconnect the following 
parts: ; 

(aye Lraing line. 

(bee battery: 

(c) Axle dynamo (where axle dynamo is used). 

(d) Lamps. ; 

The axle dynamo terminals to control the positive 
and negative armature, and positive field of dynamo. 

The axle dynamo fuses to protect the positive 
armature, and positive field of dynamo. 
Rec. No. 9 M. C. B. 

Where a main lamp switch is used, or where fuses 
controlling all lamps are used, they shall be so sten- 
cilled in plain letters. 
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Where a main lamp switch is used, or where fuses. 
controlling all lamps are used, they shall be so marked 
in plain letters. 
Rec. No. 10 M. C. B. 


The switchboard or regulator panels of electrically 
lighted cars shall be provided with fuses for the pro- 
tection of the parts given below and with the type 
of terminal as specified: 

(A) Train Line—Terminals for reception of flat 
fuses shall be provided 2% inches between centers; 
stud or screw to be % in. diam., with 20 threads per 
inch. 

(B) Battery—Optional. Fuse terminals, if used, 
shall be same as for train line. 

(C) Main Line Switch—Optional. Fuse termi- 
nals, if used, shall be same as for train line. 

(D) Circuits—For lamps, fans, etc., fuse shall be 
of the Edison screw-shell type for both positive and 
negative. ‘ 

(E) Axle Generator—Positive armature fuse ter- 
minal; terminals to have N. E. S. code standard 150 
amps knife blade contact clips mounted with 4-inch 
clearance between clips. 

(a) Axle Generator—Negative armature fuse ter- 
minal optional. If used, terminal shall be same as 
positive. 

(b) Axle Generator—Positive field optional. If 
used, to have ferrule type clip mounted with 1-inch 
clear space between clips and to take N. E. C. code? 
standard, 0 to 30 amperes. 


NOTE:—Capacity of fuses, as designated above, 
to be such as to properly protect the parts in ques 
tion. 
RecN On 21 GA A es 


The type of terminals for reception of fuses to be 
as follows: 

(a The “Edison” screw shell for individual lamp 
and fan circuits. 

(b) The Ferrule type of clip for axlevgenerara 
field 1-in. clear space between clips. . 

(c) The knife blade type of clip terminal for re- 
ception of fuses 31 amperes or over, except as noted 
ie oecr i 


(d) The main generator fuse terminal on axle sys- 
tem to have 4-in. clear space between clips. 

(e) The battery fuse terminals, close connected to 
battery under car, to have 4-in. clear space between 
clips. 

(f) On the switchboard, the battery, mainlight 
and train wire circuits to be each provided with ter- 
minals for reception of fuses 244 inches between cen- 
ters, having wing nuts or machine screws, with wash- 
ers for securing fuse or strap. 


Rec. No. 11 M. C. B. 


That each electrically lighted car equipped with 
battery box or boxes shall have provided a fuse block, 
mounted in a suitable metal box at the positive and 
negative terminals of each set of batteries, and that 
the fuse block shall be in accordance wtih the detail 
as shown on Exhibit F., and installed on the car sub- 
stantially as shown on Exhibit E. Knife-blade fuses 
shall be provided with a capacity of between 101 and 
200 amperes. . 
Rec. No.6 A, R. ELE. 


That each electrically lighted car be provided with 
two fuses close connected to each battery terminal; 
each fuse to be placed in a separate metal box; these 
boxes to be located on outside of battery box; the 


7 Yetober, 1912, 


fuses to be so connected that all current passing to 
or from battery must pass through both of them; the 
fuse block to have the N. E. C. 150 ampere knife- 
blade type of clip terminal with a clear space of 4 
inches between terminals. 


Rec. No. 12 M. C. B. 

That where axle dynamos are used, negative, posi- 
tive and dynamo field shall be fused as close as pos- 
sible to the dynamo and prior to the said leads either 
entering the conduits or being secured to the bottom 
of the car. The above fuses to be used for emergency 
service only and to be at least one hundred above the 
capacity of the fuses on the switchboards protecting 
the same leads. ; 

NOTE :—At the semi-annual meeting of the A. R. 
E. E., June 14, 1912 held at Atlantic City, the above 
recommendation was objected to. The sentiment of 
the meeting seemed to be rather opposed to extra gen- 
erator fuses, and a motion was passed to that effect. 


Rec. No. 13 M. C. B. 
All wires or terminals must be marked for identi- 
fication. 


mec. No, 24 A. R. ELE. 
All wires at terminals must be marked for identifi- 
cation of polarity. 
Rec. No. 14 M. C. B. 
That batteries as a set shall be connected up with 
a positive pole to the right, facing the car as shown 
in Fig. 2. 
mee, Vo,3 A. R. E. E. 
That batteries as a set shall be connected up with 
positive pole to the right as shown on Fig. 2. 


Rec. No. 15 M. C. B. 


Where lead storage batteries are used they shall be 
preferably installed in double compartment tanks 
‘substantially as shown on Exhibits G, H and I. 
mec, wve. 12 A. R. LE. E£. 

That storage batteries shall be preferably be in- 
stalled in double compartment tanks; that they should 
be installed in metal or rubber lined wood tanks, each 
tank provided with distance pieces, so that a clear 
space of at least 34 in. is maintained between sides 
or bottom:of the double compartment tank, and ad- 
joining tank or sides and bottom of the battery box. 
Each individual tank, tray or crate must be marked so 
as to show ownership of battery. 

Rec. No. 16-M. C. B. 

That where double compartment tanks are used, the 
connections and arrangements of battery terminals 
are to be as shown on Fig. 3. 


mee. V0,4 A. R. E. E. " 
Same as above. 
Rec. No. 17 M. C. B. 


Battery boxes shall have provided in each door a 
vent, substantially as shown on Exhibit K. 


mre, No. 13 A. R. E. E. 
Same as above. 


Rec. No. 18 M. C. B. 


That a straight pulley seat be provided for the axle 
pulley. That if a bushing or sleeve be used it should 
preferably be secured to the axle, independent of the 
pulley. Bushing to have an external diameter of 7% 
inches and to be 8% inches long, turned straight. 
That the pulley hub have a uniform internal diameter 
of 7% inches, the length of the hub to be 6% inches, 
the face of the pulley to be 9 inches or wider if flange- 
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less and 8 inches if flanged. That the generator pul- 
ley be flanged, crowned and perforated and have a 
7-inch face. 


Rec, NOZA7 AL RoE. EF: 


Same as above, except that the word “must” is 
used in place of the words “should preferably,” in the 
third line of the M. C. B. Rec. 


Rec. No. 19 M. C. B. 


That when facng the end of the truck on which 
axle generator is mounted, the pulley or sprocket shall 
be on the right-hand side. 


Rec. No. 14-A.R. E. E. 
Same as above. 


M. C. B. Book of Rules, Page 129. 


On electrically lighted cars equipped with stor- 
age batteries or axle device, furnished to foreign 
toads, where no agreement is made, a charge of 75 
cents per day shall be made for the use of electrical 
equipment. 


Rec. Nowe Ack. FE. E. 


On electrically lighted cars furnished to foreign 
toads, where no agreement is made, a charge of 75 
cents per day shall be made for the use of electrical 
equipment. 


M. C. B. Book of Rules, Page 138. 
Electric current for charging batteries. At cost. 


Electric lighting material. At cost. Labor per hour 
30 cents. 


Rec, Nov lO A) RE. E. 


(a) On electrically lighted foreign cars where no 
agreement is made, a charge of 85 cents per hour 
shall be made for labor on electric repairs. 

(b) That all material used in making repairs to 
the electric lighted cars of foreign roads, shall be 
charged at cost. 

Rec lNoy ZA ake EE, 


Current for recharging storage batteries, to be 
charged at cost. 

The recommendations of the A. R. E. E. No. 9 
giving dimensions of link type of fuses, recommenda- 
tion No. 10 in regard to running wires in metal con- 
duit, recommendation No. 23 location of storage bat- 
tery boxes, recommendation No. 25 drop in voltage in 
car wiring and recommendation No. 27 in regard to 
generator suspension clearance, were not included in 
the recommendations of the M. C. B. Committee. 

The M. C. B. Train Lighting Committee, however, 
recommended for future consideration the adoption 
of standard size of straight axles for different sizes 
for use with axle dynamos. They also suggested for 
further consideration, the design and adoption of 
standard arrangement of axle dynamo suspension. 

At a meeting of the Executive Committee of the 
M. C. B. Assn. on August 13 and 14, the Train Light- 
ing Committee was continued and were instructed to 
make a suitable recommendation in regard to stand- 
ard design, construction and suspension of battery 
boxes or boots. 


For your information, three of the seven members 
of the M. C. B. Train Lighting Committee, are also 
members of our own association. The A. R. E. E. 
Committee suggest that it may be advisable for our 
association to substitute or amend our own recom- 
mendations to conform to the recommendations of 
the M. C. B. Committee or make a protest, stating 
our objections to their recommendations. 
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Report of the Committee on Shop Practice 


Your Committee on Shop Practice for this year 
feels that it can best serve the interests of the mem- 
bers as a whole by reporting on the broader phases of 
shop practice instead of taking any special feature 
and enlarging on that alone. We have, therefore, 
compiled information as to what the leading railway 
-shop engineers consider good practice, as exemplified 
in the more recent installations and extensions. 

So far as we have been able to determine, there is 
mot a railway shop in the United States today in 
which electricity is not used in some form or other, 
‘especially for lighting. Where electricity is once 
adopted for any purpose, however insignificant, its 
extension and further application has always followed 
as fast as the management will permit. The shop 
men are practically unanimous in endorsing it for 
every possible practicable application. 

In all new shops, and most of the old ones, electrical 
«devices of every sort have been installed, these in- 
cluding lights, motors, cranes, welders, heaters, drills 
and telphers, and in many cases even the general de- 
sign or layout of the shops and yards has been modi- 
fied to take the greatest advantage of electrical opera- 
tion. The latter 1s “especially trué of the crane: 
Originally the transfer table was the limiting factor, 
but, the large electric cranes can handle such heavy 
loads so readily and move them about so quickly that 
‘they are gradually taking the place of the transfer for 
all but the coaches. 


Some application of electricity can be made in every 
‘department of railway shops, and it must be done if 
economical operation is to be realized. Ease of con- 
trol, flexibility, wide application, efficiency, economy 
-and ease of transformation are some of the reasons 
for its general adoption, but, the single characteristic, 
‘ease of control, is alone sufficient justification for its 
-adoption whenever possible. Another very important 
reason is the possibility of having a central generat- 
ing plant, thus reducing greatly the cost of power. 

Most of the shops that are 20 years or more of age 
either no central generating plant or have one at one 
‘side or end of the group of shop buildings, thus caus- 
ing inefficient distribution of power. In many cases 
the old shops have two or more boiler houses scat- 
tered about the yards, supplying steam to separate 
‘buildings for driving steam engines. Some of these 
engines drive generators, but most of them drive long 
lines of shafting direct. This condition is rapidly 
passing away now, due to the continued efforts of 
the electrical men, and will soon be a condition of the 
‘past only. 


In modern railway shops all general utility build- 
ings, such as the power plant, general storehouse, 
‘blacksmith shop, etc., should be as near the center of 
the group of buildings as possible, but the locomotive 
shop is the most important and is always the con- 
trolling factor. A study of recent shop layouts shows 
a growing tendency to concentrate the buildings 
along a craneway (the means of communication be- 
‘tween departments) similar to the older method of 
‘keeping the buildings along the transfer table, and 
arranging the shops of each main group according to 
‘their respective functions. The Frisco and Big Four 
‘shops are good examples of this practice. 


On the other hand, we find that physical conditions 
sometimes compel the adoption of a layout that is not 
economical, such as the necessity for locating the shop 
along the right-of-way of the railroad. Such an ar- 
rangement is not very convenient, but is operative 
and even efficient when electric power is adopted to 
the fullest extent. In fact, we find that the further 
a layout departs from the ideal the greater is the 
benefit to be gained through the adoption of electric 
power in place of any existing steam plant. 

There is still a diversity of opinion as to whether 
direct or alternating current is to be used throughout 
the shops, but the majority favor the use of both 
systems. For hoisting devices and for variable speed 
motors the direct current still continues in favor, but 
recent developments in alternating current motors for 


Typical Power Plant with Steam Turbine. 


driving machine tools through speed change gears 
and by speed control have brought them to nearly the 
same degree of flexibility as direct current motors. 
Practically the only factors to be considered are the 
power factor of the system as a whole, the slight dif- 
ferences in the cost of maintenance and the small 
drop of voltage in distribution. Such differences as 
there are show in favor of the alternating current 
system at present. 


Power Plant. 


The best location for the power house is undoubt- 
edly as near the center of the load of the plant as 
possible. This means ultimate load as well as present 
load, in so far as they can be determined. This is 
especially true of direct current plants on account of 
transmission losses, due to the general use of lower 
voltages than with alternating currents. The easy 
and adequate supply of coal and the removal of ashes 
must be considered, and these frequently influence 
both the design and location of the power house. 

When laying out the power plant, the building 
should be made to suit the equipment and not the 
reverse, as has frequently been the case. Plenty of 
room should be provided for convenient operation and 
for extensions, and a clear space in front of the switch- 
board should always be provided. The best and pre- 


Sate” 6 cee ewe 
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ferred location for the switchboard is about the cen- 
ter of one wall of the engine room and immediately 
in front of the generators. The danger of trouble due 


to breaking of fly-wheels is remote, while the reduc- 
tion in the length of cables and wires between the 


Typical Power Plant with Reciprocating Engines. 


machines and switches is considerable. 

Steam turbines are being used to a very large ex- 
tent in railway power plants, due to their small size 
and greater economy than reciprocating engines. but 
there is still much to be said in favor of the latter. 
They are favored by many engineers for driving direct 
current generators, with the turbine as the favorite 
for alternating current machines. One point which 
has always been mentioned in favor of the recipro- 
cating engine is the use of its exhaust steam for 
heating the shops, but this applies only to non-con- 
densing engines, usually. Recent developments in 


Typical Motor Driven Milling Machire. 


steam turbines have brought about a type designed 
especially with a view to using it in connection with 
steam heating systems. The large amount of glass 
used in railroad shops, with the consequent great 
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radiation of heat, makes the heating problem an im- 
portant one, but beyond the province of this report. 

The switchboard is a much more important part of 
the power plant equipment than many engineers seem. 
to realize, if we are to judge by some of them now 
in service. It should not merely contain panels. 
enough for all of the generators and feeders, but each 
panel should have a complete equipment of meters, 
switches, etc., in order to allow of the fullest knowl- 
edge and control of conditions in each circuit. You 
cannot operate in the dark any better than you can 
see there, and a few more dollars spent on the switch-- 
board will usually result in great benefits in operating 
the shops. 

As previously stated, your committee feels that it 
really makes very little difference whether direct cur- 
rent or alternating is used, so long as the local condi- 
tions have been carefully studied and the most suit- 
able equipment chosen. If the power is to be trans- 
mitted over any very great distance, which seldom 
happens in railway shops, the voltage should be as. 
high as possible for safety, in order to reduce the 
amount of copper required for the lines and to keep 
the terminal voltage up to as nearly normal as possi- 
ble. Either a. c. or d. c. distribution can be made 
safely at 440 volts and this is high enough for any rail- 
way shop at present constructed, and if the power 
plant is properly located it will do for any plant that 
will probably ever be constructed. 

Distribution of power to the various shops may be 
done through overhead or underground lines, the pres- 
ent tendency being to construct tunnels through the 
yards and to have all steam, water and air pipes and 
electric cables in them. This makes frequent inspec- 
tion easy and results in fewer cases of trouble and 
delay due to breakdowns. We feel, however, that the 
electric distribution system should be kept away from 
the heat of the steam pipes and believe that the prac- 
tice of putting the cables in ducts placed alongside the 
tunnel, instead of having them in it, is better practice. 
This plan is followed in the Big Four shops at Beech 
Grove, Indianapolis. 

Overhead lines are carried along the buildings im 
many of the older plants and on wooden poles in 
others, with steel poles and towers in several of the 
later plants. At the West Albany shops of the N. Y. 
Cc. & H.R. R. R. all wiring for the distribution sys- 
tem is on steel towers, separate cables and wires be- 
ing run from the switchboard to each department in 
the shop. The general practice is to run a heavy 
feeder to each building or group of buildings and them 
to distribute from a common center to each depart- 
ment. 

Where alternating current is used it is customary to 
locate transformers at the various distribution centers. 
for stepping down the voltage to that required for the 
lights or motors. Usually these are located on poles 
outside the buildings, sometimes inside, but when the 
distribution system is underground the transformers 
must be inside the buildings or in manholes. At the 
Pullman shops manholes are placed at each of the 
principal distribution centers, outside the buildings, 
with the step down transformers therein for reducing” 
the voltage from 2,300 volts to 110, 220 or 440 volts as 
required. 

Shop Equipment. 


Turning now to the matter of adopting electric 
drive for railway shops, we find that most of the ad- 
verse criticism which has been made regarding elec- 
tric drives has been the natural result of the errors: 
made, by made managers and _ superintendents, 
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through making radical changes in equipment without 
first making a careful study of conditions. Each shop 
presents conditions of its own, but all of the details 
can be obtained by taking the time to go into the 
matter. One of the most important things is a good 
set of accurate records of time, operations, materials, 
machines men and methods. Another is as to whether 
group drive or individual drive is going to be best for 
any one department or the entire shop. 

The sizes of motors recommended by the machine 
tool builders has been found, in many cases, to be much 
larger than actually necessary for satisfactory opera- 
tion. Tests conducted under various operating con- 
ditions have been made by several of the roads in their 
shops and much valuable data has been compiled, and 
considerable money saved. The use of graphic me- 
vers in this connection is proving very helpful and 
several reliable makes are now on the market. Re- 


Typical Individual Drive for Drill Presses, 


liable data as to the power required to drive the dif- 
ferent classes of machines is hard to get, so the best 
thing to do is to test your own machines under your 
own operating conditions and find out. 

We find that there is practically no argument as to 
the use of anything but electric motors where they 
are at all applicable, and that means practically any 
place where power is used to produce motion, Among 
the benefits gained through their use are decreased 
transmission shaft losses, increased production 
through easy speed control, accurate knowledge of 
power required for any given purpose, ease’ of power 
control and distribution, flexibility of machine arrange- 
ment, reduced vibration of buildings and machines 
and the elimination of most belt troubles. 

Series-wound motors have been found best adapted 
for use where the operator has the motor always un- 
der his control, as for hoists, cranes, elevators, loco- 
motives and other classes of intermittent service re- 
quiring high starting torque. Shunt-wound motors, 
because of their speed characteristics and ease of con- 


trol, are particularly well adapted to driving machine 


tools. Experience shows them to be best fitted to 
drive tools which do their work with a rotary motion 
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of either the work or the cutting tool. This includes 
drills, lathes, boring mills, milling machines, etc., and 
for this service we find a preference shown for shunt- 
wound, variable speed motors. Compound-wound mo- 
tors have proven most acceptable for driving planers, 
shapers, slotters, rolling mills, punch presses and other 
machines with a reciprocating motion of either the tool 
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Variable Speed Motor Driving Wheel Lathe, 


or the work. Fly-wheels have been found a great help 
to compound motors through smoothing out the load 
curve. 

Alternating current motors are built in several 
forms and some of them possess certain advantages” 
over direct current motors for special classes of serv- 
ice. Synchronous motors operate at constant speed 
regardless of load, up to the stalling point, so long as | 
the speed of the generator supplying them remains 
constant, and are useful for driving generators and 
other apparatus requiring constant speed regardless 
of load. There should always be one in induction mo- 
tor driven shops in order to bring up the power factor 
of the system. 

Induction motors operate at very near synchronism 
at no-load and from 3% to 15% below synchronism 
under full load, depending upon the size and character- 
istics. Induction motors arranged for the insertion 
of resistance in their secondary or armature circuits 
will operate at nearly full load torque with the speed 
reduced one-half without overheating, so are being 
used in many places where direct current motors were 
formerly used exclusively. 

Induction motors with squirrel cage or short cir-. 
cuited rotors have proven satisfactory for use where 
speed variation is unnecessary during a given opera- 
tion, such as for pumps, fans, drills, grinders, wood 
working tools and other places where motors with the 
characteristics of shunt-wound direct current motors 
are required. Speed variation can be obtained only 
through varying the voltage or with speed changing 
gears, neither or which is very desirable, although 
machine tool makers supply speed change gears on 
nearly all machines now for this especial purpose. 

Squirrel cage motors are good for use in oil houses, 
wood working shops and other places where inflam- 
mable materials are found as there are no moving con- 
tacts and no sparking. Induction motors with vari- 
able secondary resistance. may be run at speeds of 
anywhere between half speed and full speed, at full 
load, and are suited to most anv. class of service that 
either shunt or compound direct current motors are. 
Reversing induction motors are now available which 
will reverse almost instantly and are especially adapt- 
ed to driving planers. 
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The present tendency in locomotive shop equipment 
is to increase the number of machine tools per pit. 
‘The average is between 6 and 8 per pit with many 
shops having from 5 to 6, but the tendency is towards 
from 8 to 10 per pit in several of the newer shops. 
There is no fixed rule, apparently, as to how many 
tools of each kind will be required per pit, but an 
average of a large number of shops shows the follow- 
ing proportions: 
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Electric Crane with Lifting Magnet. 


Several tables have been published purporting to 
show the proper number of tools of each type and size 
for different numbers of pits, but do not find that they 
are followed because of the differences in local condi- 
tions. For boiler shops, the average is about one tool 
for each pit in the erecting shop, there being seldom 
more than one tool of each kind aside from drills and 
shears. Aside from cranes and a few motors for driv- 
ing punches, fans, blowers, shears, etc., there is not 
much electrical equipment in blacksmith shops, 
although overhead motor driven cranes are gradually 
superseding hand and air operated cranes. 


Chilled wheel shops and other foundries are more 
commonly found in railway shops thatl formerly, these 
using electric cranes, motor cars, motor driven 
tumblers, grinders, chippers, etc. Cranes of 10 tons 
Capacity are most commonly used in railway foun- 
dries, with hoists of from 1 to 5 tons in the side bays. 
Electric welding apparatus is also being used to a 
small extent for repairing castings, and for spot-weld- 
ing small pieces to larger ones. 


Nearly all wood working machines in electrically 
operated shops are fitted with individual motors be- 
cause of the comparatively large amount of power re- 
quired. Induction motors with squirrel cage windings 
are used for this purpose on account of the freedom 
from sparking and the constant speeds. Wood shop 
equipments include planers, saws, mortisers, tenoners, 
moulding machines, boring machines, gainers, match- 
ers, etc., and motor driven blowers for carrying off the 
Shavings. 
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The use of the automatic controlling devices is in- 
creasing and we strongly recommend their adoption 
wherever possible. Suitable devices for both vari- 
able and constant speed motors are now available, 
most of them being arranged for push button control. 
The use of push buttons is a move in the right direc- 
tion as it reduces the chances of injury to both work- 
men and tools, and makes it so easy to start and stop 
the machines that the men will stop them during idle 
periods instead of allowing them to run and waste 
power. The automatic starters also have certain pro- 
tective features which are valuable, most of them open- 
ing the circuit on overload. 


Mechanical speed change gears separate from the 
backgearing are coming into use to some extent in 
connection with constant speed alternating current 
motors, these being made in a variety of forms for 
many purposes. Some of these use short belts as the 
transmitting element and others use gears. 

Another very useful practice is being followed in 
regard to compressed air supply. This is the placing 
of small motor driven air compressors in all shops 
requiring air outside of regular working hours. In 
this way a small amount of compressed air may be 
provided without operating the large air compressors 
in the main power houses. 


Storage batteries are not used about railway shops 
much as their possibilities seem to warrant. They 


‘may be used to good advantage for operating the red 


lights at fire hose stations, for general tungsten light- 


Typical Electric Trolley for Shop Telpher Systems. 


ing in many other ways as an emergency supply in 
case of trouble at the power house or in the transmis- 
sion lines. Many other applications could be made 
and we feel that this is worthy of further considera- 
tion. 


The use of electrically operated safety devices of a 
variety of kinds could also be extended to good ad- 
vantage, and a new system for this purpose will soon 
be placed on the market. This is designed to stop the 
machinery instantly in case of accident and may be 
operated from any part of the shop Automatic fire 
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alarm systems are also being neglected and the risk 
greatly increased as a result, with no good excuse. 
This is also worth consideration and improvement. 

Aside from the shops mentioned the applications of 
electric power around railway shops is limited to spe- 
cial applications. Among these may be mentioned 
turntables, yard cranes, pump motors, hoists, portable 
drills, polishers, paint sprayers, etc. Another applica- 
tion which is becoming very common now is the in- 
creasing use of electro-magnets for picking up iron and 
steel. These are made in both large and small sizes 
and are used for handling plates, rails, bars, pig iron, 
kegs of small parts and for lifting the “skull crackers” 
in the scrap yards. The round houses, sand sheds, 
water towers, private hospitals, coaling stations, store 
houses and other small departments all have their spe- 
cial applications of electric power. 

Lighting. 

A very careful and complete investigation of the 
matter shows that the preferred system of lighting is 
a combination of all systems. The best system of 
illumination for the large shops is a combination of 
flaming arc lamps for general illumination with 
tungsten clusters for group lighting and drop lights 
for machines when required. The individual lighting 
of machine tools is very important and is receiving 
more attention than formerly, because, good lighting 
consists in throwing the light on the work and not in 
the eyes of the worker. 

The flaming arc lamp has proved itself best suited 
for large areas, such as locomotive shops, foundries, 
yards and blacksmith shops, because of its high power 
and great penetrative ability. Mercury vapor lamps 
are used to some extent in medium sized shops and 
power plants, and tungsten lamps of all capacities are 
used to an increasing extent in machine shops, mills, 


power plants and other places where there is no vapor - 


or smoke to penetrate. They are especially good in 
blacksmith shops and foundries on account of their 
ability to penetrate smoke. 

For the offices and drafting rooms the indirect and 
semi-indirect systems are rapidly coming forward on 
_ account of the freedom from glare and the pleasing 
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appearance. Carbon filament lamps are still pre- 
ferred for drop lights on account of their ability to 
stand rough handling, but the new drawn-wire filament 
for tungsten lamps is much better than the first ones 
brought out and are being used to some extent. 
Guards should be placed on all drop lights to preva 
breakage and for protection from fire. 

This committee recommends that all wiring be run 
in conduits, wherever possible, and that cut-outs be 
installed for each shop, department and machine tool. 
If the main cut-out for the shop cannot be placed in- 
side the building it should be placed where convenient 
for instant access in case of necessity. Where small 
portable tools are used there should be receptacles at 
frequent intervals for the plugs on the tools, these 
receptacles being on the walls or columns of the build- 
ings near the point of application of the power. This 
applies also to portable lights. For stationary tools. 
the conduits should run under the floor to the tool in- 
stead of having the wires drop from overhead or out 
from the wall. 

It seems ‘almost unbelievable that so many shops 
have adopted electric power to such a small extent as 
some of them have, but many of them have not availed 
themselves of this convenient form of energy for other 
than lighting. This committee, therefore, feels that ts 
best and most important recommendation for this 
year’s report is that all railroads should equip their 
shops with electrically operated apparatus to the full-. 
est possible extent throughout, and at the earliest pos- 
sible moment. 

Respectfully submitted, 
C. J. Causland, Chairman, Chief Elece 
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Logan Shops of the 


The repair shops of the Hocking Valley Railway, at 
Logan, Ohio, offer a very interesting example of a thor- 
oughly up-to-date railway shop of moderate size. Alter- 
nating current is used throughout, three phase, 60 cycle, 
Allis-Chalmers equipment being installed. There are 41 
motors in these shops, most of them direct connected to 
the machines they drive, 87 Adams-Bagnall arc lamps 
and 333 incandescent lamps. The lights are distributed 
throughout the shops in such a way as to insure the 
very best illumination for the different departments, 
Power Plant. 

The power house is centrally located with reference 
to the center of load, and contains 2 Allis-Chalmers 200 
k. w. 240 volt, 60 cycle, 3-phase alternating current gen- 


Hocking Valley Railway. 


erators direct connected to Buckeye engines. These gen- 
erators are “star” wound and the exciters are belt driven, 
the generators giving current at 240 volts for the motors 
and at 140 volts for lights. 


A tie-line connects this plant with that of the Logan 
Light and Power Company’s day service through four 
10 k. w. 2300 volt step-up transformers. These trans- 
formers are also used as. step-down transformers for 
night service at the shops, being specially wound to give 
both 140 and 240 volts. They are controlled by a double 
throw, seven pole knife switch on the rear of the switch- 
board. 

The mechanical equipment of the power plant includes 
a compound, steam driven air compressor; three 200 
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-of proper capacities. 


h.p. McNaull water tube boilers equipped with Jones 
under-feed stokers; two Worthington high pressure, 
duplex pumps; two boiler feed pumps; a Webster water 


heater and an American blower engine for forced draft. 


Interior of Power Plant. 


Distribution System. 


All wiring for power consists of No. 0000 weather- 
proof cables and all lighting circuits are of solid wires 
At present, all distribution lines 
are overhead on pole lines to the different departments, 
but they will soon be placed in a tunnel which has been 
installed for the steam and compressed air distribution 
system. 


Switchboard in Power Plant. 


4 
This shop follows the same plan as the N. Y. C. & 
H. R. R. in its West Albany shops of having separate 
circuits from the power house to each department. There 
are three 240 volt motor circuits to the planing mill; one 
240 volt motor circuit to the blacksmith shop; two 200 
volt motor circuits to the erecting shop; one 240 volt mo- 
tor circuit for the cranes; one 240 volt motor circuit each 
to the round house and wheel and axle shop; and separ- 
ate 140 volt lighting circuits to each of the shops men- 
tioned. A separate switch on the switchboard controls 
each circuit and a distribution center is located in each 
department to control its local circuits. 
Motors. 
The 41 motors in these shops are distributed as fol- 
lows ;— 
Planing Mill—15 hp. on gainer; 15 hp. on tenoner; 5 hp. 
on swinging cut-off saw; 50 hp. on large timber 


RAILWAY ELECTRICAL ENGINEER 


145 


sizer; 15 hp. on cut-off saw; 15 hp. on mortiser; 
15 hp. on combination tenoner and mortiser; 15 hp. 
on combined jointer, sticker and small rip saw; 
15 hp. on table rip saw ; 50 hp. on planer and match- 
er; 20 hp. on three spindle boring machine, band 
saw, emery wheel and bit grinder; 10 hp. on gainer 
and borer; 30 hp. and 50 hp on dust fans and 15 hp. 
on steam heating system fans. 


Erecting Shop—40 hp. and 50 hp. on steam hea‘ing 
system fans; two 10-ton and one 15-ton cranes 
inside and one 5-ton crane on outside runway. The 
cranes are each equipped with three General Electric 
motors. 


Blacksmith Shop—15 hp. on a group consisting of a 
Bradley harnmer, emery wheel, grind stone and dril! 


A Mortiser Driven by a 15 h. p. Ind. Motor 


press; 15 hp. on gang drill; 30 hp. on bull-dozer 
and combination punch and shears; 30 hp. on group 
consisting of one 1%” and one 2%” bolt headers, 
eye bender, guillotine shears and four bolt cutters; 
40 hp. on blast fan for forges, and a 15 hp. on a 
large rip saw which is used for cutting up old 
lumber for use where such material is practicable. 


Wheel and Axle Shop—30 hp. on group consisting of 
wheel boring machines, axle lathe and two pipe 


faw Shop Equipped for Motor Drive. 


threading machines; 714 hp. on hydraulic wheel 
press, and 5 hp. on group consisting of drill press, 
emery wheel and angle cock grinder. 

Round House—15 hp. on Weinman pump for round 
house and engine use, and 15 hp. on a group consist- 
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ing of three lathes, a drill press, wheel, 
shaper, planer and bolt cutter. 

Tunnel, AA ae 

The tunnel above mentioned, which was put in this 


year, contains the steam heating pipes for the entire 


emery 


Motor Driven Planner and Matcher. 


shop. A 12” exhaust steam header with 1% lbs. pres- 
sure and 4” vacuum line for return is laid through the 
main tunnel, branches of the required sizes being “taken 
off for the various shops. There is also a 4” high pres- 
sure steam line for the steam hammers in the black- 
smith shop, and is the intention to eventually have all 
compressed air pipes in the tunnel, also. 
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The main tunnel leads from the power house through 
the yards and is 6 ft. high by 6 ft. wide and is made of 
reinforced concrete. Hanger bolts are placed in the top 


Blacksmith Skop. 


and at one side for supporting the electrical distribution 
lines when they are placed there later. 

In conclusion, the writer desires to express his thanks 
to Mr. M. A. Kinney, Superintendent of Motive Power — 
of the Hocking Valley Railway Co., for his kindness in 
sending the electrical data, and the Allis-Chalmers Com- 
pany for supplying the photographs used herein. 


Motor Talk No. 2 


SHUNT WOUND MOTORS 


In the first article of this series we discussed the most 
important characteristics of the three principal type of 
direct current electric motors, shunt, series and com- 
pound. This time we will deal with the shunt motor as 
it is the most used and most useful motor in a machine 
shop. 

As its name indicates, a shunt motor is one in which 
the field windings are connected directly across the line 
instead of in series with the armature; i. e., the field 
current is “side tracked” around the armature instead 
of following the main line through it. Hence, the 
strength of the field will be constant because it is always 
subject to the same voltage and its resistance is constant, 
unless purposely varied. And this is true regardless of 
load, up to the capacity of the motor. 

The field coils of shunt motors are made of compara- 
tively fine wire, offering considerable resistance to the 
flow of current, so there is very little chance for trouble 
due to connecting them directly across the circuit. The 
armature, on the other hand, is usually wound with very 
large wire or bars of copper and its resistance is com- 
paratively low, generally a small fraction of an ohm for 
moderate sized motors. That is why the rush of cur- 
rent at starting may be 10 to 20 times the normal full 
load running current. 

The armature resistance is made low in order to 
get uniformity of speed, the variation from no load to 
full load being less than five per cent in good motors. 
The only reason there is any variation is because of the 
slight de-magnetizing effect of the armature on the field. 
When a shunt motor is running free the only current 
taken from the line is that required to overcome internal 


tosses, such as friction, etc., and the speed of the arma- 
ture will be such that the counter E. M. F. of the motor 
will allow only enough current to flow to overcome the 
losses and operate. The counter E. M.-F. should be 
nearly equal to the line E. M. F. in a good motor. 

When a shunt motor is loaded it must take enough 
current to produce the torque or pull necessary to carry 
the load or it cannot run. In order that this current 
may flow, the counter E. M. F. must be reduced, hence, 
the speed must drop a little because the field strength is 
practically constant. A well designed motor with low 
armature resistance will have to drop but little in speed 
at full load. There is very little tendency for shunt 
motors to run away upon removal of the load because 
of their automatic self adjustment to conditions. 

Figure 6 shows the connections of a starting rheostat 
with a shunt motor. The main current passes through 
the motor armature and the rheostat arm and resistance, 
while the shunt or field current passes through the field 
coils and rheostat release magnet and resistance. The 
function of the release magnet is to hold the arm of the 
rheostat in the running position until there is a failure 
of voltage on the line, allowing the arm to fly back to 
the starting position when the voltage fails. This may 
be due to line trouble or to opening the main switch con- 
trolling the motor circuit. _ 

When the rheostat arm is in the starting position the 
armature current has to pass through all of the resis- 
tance and the flow of current is limited, but as the arm 
is moved over to the running position against the magnet 
the resistance is gradually cut out and the flow of current 
increases as far as the counter E. M. F. will allow. At 


. 
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the same time, the current flowing through the field coils 
is greatest when the arm of the rheostat is in the start- 
ing position, but is reduced by the resistance cut in cir- 
cuit as the arm is moved over to the running position. 


SHUNT FIELD 
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Fig. 6. Wiring Diagram showing Motor and Generator Connections, 


_ This reduces the strength of the fields and causes the 


of heat by the resistance box. 


motor to run faster in order to generate the required 
amount of counter E. M. F. 

For a large number of machine tools it is desirable to 
vary the speed of the motor in order to turn out work 
with the greatest efficiency. This may be done in several 
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Fig. 7. ae Load Curve for a oe Motor. 


ways, the simplest being to insert resistance in series 
with. the armature. But this is wasteful, because the 
energy not used in the motor is dissipated in the form 
It is also bad because the 
theostat will have to be quite large and expensive and 
because the speed of the motor will vary a good deal 
unless the resistance is constantly varied to suit. 

A much better method, and the one generally used, 
is to vary the field strength by means of a resistance in 
series with the field windings. 
small, being from 2 to 5 per cent of the armature current, 


RAILWAY ELECTRICAL ENGINEER 


Since the field current is. 


147 


a rheostat for field control will be comparatively small. 
By cutting out resistance the flow of current will in- 
crease, the field will be strengthened, the number of 
“lines of force” increased and the armature speed re- 
duced. Cutting in resistance has the opposite effect, so 
the action is easily understood. 

The only disadvantage in this method of control lies 
in the increased sparking at the brushes on the com- 
mutator, on account of the weakened field at high speeds, 
and a smaller torque will result at the higher speeds. 
It must be remembered that shunt wound motors are 
designed to give constant horsepower at all speeds, so 
greater torque must be developed at slow speeds than at 
high speeds to give the same output. In order to give 
the required output we may have to use a 15 h. p. frame 
to give 10 h. p. at half speed and a 20 h. p. frame to 
get 10 h. p. at one third speed. That is why variable 
speed shunt motors are so large in proportion to their 
capacities. 

Another method of varying the speed of shunt motors 
is by varying the voltage applied. With the field of the 
motor kept at constant strength and a varying voltage 
applied to the armature the speed will vary in almost 


Starting 
Rheostat, 
Switch 9 oO 9 


Cut-sout 


Connections for Bi- Polar, Motor. 


the ordi- 


With 
nary three-wire system the speed can be reduced one half 
by connecting the armature across the middle and an 


direct proportion to voltage variation. 


outside wire instead of across the two outside wires. By 
using four wires and generators of three voltages we 
can get six variations of speed, and so forth. But this 
method requires quite complicated switching devices and 
is not used very extensively, in spite of its efficiency. 
From these descriptions you can readily see which 
method will best suit your operating conditions. 


The Question Box. 


Editor Shop Motor Section. 


Will you please answer a question for me in your 
Shop Section? Several of use fellows here have had an 
argument as to how much horse power we could get out 
of a generator we have if we ran it as a motor, and we 
wish you would tell us. 

This is a shunt connected dynamo operating on a 100 
volt circuit, and takes 100 amperes when running at 
1200 RPM. The resistance of the armature is about 
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035 ohm and of the field coils about 50 ohms. The 
watts lost due to friction, etc., are about 325 watts. 

It is supposed to be a 10 kilowatt generator and some 
of the boys say it should give about 15 h. p., but I think 


Starting Rheostak 


Switc A 


Fiz. 9. Connections for Four-Polar Motor. 
it wont give much more than 10 h. p. What do you 
think? 
fe dep 1, 
ANSWER.—Since the resistance of the field coils is 
50 ohms there will be 2 amperes flowing through them, 


' Starting Aheostat 


TEAMINAL BOARD. 


A and D are Armature Terminals 
B and C are Field Terminals 
Motor Connected for Counter Clockwise Rotation .- 


For Clockwise rotation interchange external connections to B 
Terminal Block peed! 


Fig. 10. Four-Pole Motor with Terminal Board. 


and since there were 100 amperes flowing when running 
as a generator we will assume the same current in the 
armature as a motor. This is a fair assumption because 
the Counter E. M. F. would reduce the flow greatly after 
the motor came up to speed. At starting, the current 
would be about 3000 amperes for a small fraction of a 
second (100 volts divided by .035 ohm) but the C. E. M. 
F. will soon cut it down. 

When running as a dynamo the loss in the armature 
was 100 x .035-—3.5 volts, so the total E. M. F. actually 
generated must have been 103.5 volts at 1200 r. p. m. 
There will also be 3.5 volts lost as a motor, leaving 96.5 
volts to overcome the C. E. M. F. The speed will be 


RAILWAY ELECTRICAL ENGINEER 


Vol. 4, No, 5am 


1118 RPM (96.5 divided by 103.5 and multiplied by 
1200) and this is what you will have to figure on when 
determining your pulley sizes. 

The strength of the magnetic field will be the same 
as before, of course, so the total mechanical rate of 
doing work will be equal to 100 amperes (armature cur- 
rent) x 96.5 volts, or 9650 watts. 

The friction, etc. loss will be 325 watts, as before, 
so you will have 9325 watts left for external work. 
Since it takes 746 watts to equal one electrical horse 
power, your generator will develop 9325 divided by 746 
or 12.5 h. p. at the pulley. By following this method 
you can determine what any generator will do when run 
as a motor. G. Wa 

Metor Talks to be Continued Next Month. 


NEW BENJAMIN CAR FIXTURE. 


The Benjamin Electric & Manufacturing Com- 
pany of Chicago have just placed on the market a 
new single unit car fixture and lamp grip as shown 
in the accompanying illustrations. The fixtures are 


intended for single unit car lighting and will accom- 
modate standard glassware with 2%4-inch neck. The 
shade is held securely in position by three spring 
clips which are forced into engagement with the neck 
The latte 


of the reflector by means of a cam ring. 


Spring Clamp Shade Holder. Lamp Grip. 
in turn is bolted to the casing so it cannot jar loose. 

The entire fixture is made of spun brass, hence it 
is light, but it is made of sufficiently heavy stock to 
make a substantially built solid fixture which will 
withstand the severe jarring and jerking experienced 
in railway car lighting service. 


Detail of Spring Clamp Shade Holder. 


This company has also recently placed on the market 
the new Benjamin Lamp grip which is designed to 
prevent the loosening and falling of lamps. A sim- 
ple spring engages the lamp base with sufficient force 
to hold it in position; yet this does not bind. When 
it is desired to remove the lamp, a slightly greater 
twist is all that is necessary. This grip device pre- 
vents lamps from working loose and eliminates the 
breakage and danger from falling lamps, and at the 
same time makes it unnecessary to readjust or tighten 
lamps periodically. 


—-— 
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The First Storage Battery Train in Railroad Service 


On September 25th a train, consisting of three storage 
battery cars, left the Pennsylvania station, New York, 
on its first trial trip. The train carried 140 railroad offi- 
cials, banking officers, and representatives of the press. 
It made a round trip from Pennsylvania station to Long 
Beach, Long Island, a distance of 24.6 miles. 

The train is operated by a unique system of magnetic 
multiple control and can be operated from either end of 


trains of rollers rotate. They in turn are held in a nickel- 
steel hardened raceway pressed into the wide hub of the 
wheel. 

Each car is 38 feet over the platform buffer, 8’ 3” wide 
over the drip rail and 12’ 714” from rail to top of ven- 
tilators. 

They are equipped with 220 cells A/6 Edison nickel 
steel Alkaline batteries, placed under the transverse 


The First Storage Battery Train Ready for Trial Trip. 


any car by a master controller placed on each platform. 
This master control is fitted with a control and reversing 
lever which are mechanically interlocked. Four speeds 
can be obtained from the master control. In the first 
position the motors are started with two pairs in series 
with the starting resistance. In the second position all 
the starting resistance is cut out automatically, leaving 
the motors running in full series. In the third position 
the two pair of motors are connected in multiple in 
series with the starting resistance and the resistance is 
cut out automatically, leaving all motors connected in 
multiple across the power battery. In the fourth posi- 
tion the series field of each motor is paralleled with re- 
sistance, which further increases the speed. This 
sequence of operation takes place simultaneously on each 
car and is accomplished through the train line consisting 
of two wires which run through all the cars and is con- 
nected to all master controllers, relay panels and polar- 
ized relays. 

The interior finish is of mahogany and polished bronze, 
the exterior being of cedar, while the:underframing is 
entirely of steel construction. 

These cars are equipped with M. C. B. couplers, draft 
rigging and buffer plates; platforms are full vestibuled 
with end doors, allowing intercommunication between the 
cars. The brake equipment consists of a powerful hand 
brake as well as the Westinghouse A. M. M. automatic 
air system, controlled on platform of any car. 

An electric whistle is secured to the roof at each of 
the car and operated by a push button connection on each 
platform. 

The trucks are of diamond frame type and while of 
light construction are exceptionally strong. The wheels 
are steel tired with a cast steel center and are free to 
rotate independently of each other on the stationary axle. 
This is accomplished by a rigid axle, upon which is 
pressed a nickel-steel hardened sleeve over which two 


seats ; 200 of these are for power and 20 are for lighting 
and operating the multiple control relays. 

Each car is equipped with four 10 H.P. 200 volt, 37.5 
amperes, 800 R.P.M. series wound motors. Two motors 
permanently connected in multiple are suspended, one on 
each axle of each truck, and the wheel is driven by a gear 
on the inside of the wide hub through single reduction 
to the motor pinion. 


DATA OF FIRST OFFICIAL TRIAL. 
Courtesy of the Pennsylvamia-Long Island Railroad 


Companies. 
Left Pennsylvania Station, 33rd St., 
IN Gwe Or aera Pt a0 209 eee Sala 
Arrivedtatwougs beach, lea lect. 4.07 P.M. 55 Mins. 
(lett) Lon gimeacimrre late sce ie ys 5.20) PM 


Arrived Pennsylvania Station, 33rd 


Ste NewmVonin si a48: clo. rants sos 6.14 P.M. 54 Mins. 


1 Stop 

Round trip distance 49.2 miles. 
Ampere hours per round trip for three car 

traijid Ree reree cate He kn. Wik Bate’ 622 
A VOPager Vota memamna hie a uc.c a's teas costa cay ar 220 
Train Sileserounicdetrip oe mare a2. 49.2 
Numbergotepassenversoe. 0.) Paacrs.swia ss 136 
Net weightwith loadwo. 2: .04. 22. a. os 68.2 Tons 
Net weight without load. ... 6 0.-0es. 58 Tons 
Carsmilesmrenemd sy fic ce i wtace es, «53 147.6 
Maximunmrnuinmingsspeed st os wa 42 MP A: 
Schedulemspecdemere nets. Pic 5c c chante: 27.14 M.P.H 
Num betgo ee Shops pee trey ob be ce fie ar a sPegerate ls a 


Power Consumption. 


(Readings on train—battery output—motors consumed.) 
Three car train, round trip, 49.2 miles 136.800 K.W. Hrs. 
Pet: traiignrnit ee earn a ceric. 2 Se ee 


Per caremiilemeeee. 2406 nn ees. 0.926 “ - 
Per tonsnnles Seer eA aes ee aa 
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Mileage Capacity of Train. 
(On this road, with this load, at this speed. ) 

Note: An “overcharge” of battery—10 hrs. @ 30-60 
amperes. A “normal” charge of battery—7 hrs. @ 45 
amperes. 

“Intermediate” charges may be given battery without 
undue heating as follows: 

“Boosts” 5 mins. @ 5 times normal rate or at 225 amp. 
“Boosts” 20 mins. @ 4 times normal rate or at 180 amp. 
“Boosts” 30 mins. @ 3 times normal rate or at 135 amp. 
“Boosts” 60 mins. @ 2 times normal rate or at 90 amp. 


On one overcharge of battery............- 76.2 miles 
On one normal charge of battery....... Jb \O522 Gas 
On one normal charge of battery, plus inter- 

mediate charges aggregating 1 hour...... rai ele ee 
On one normal charge of battery, plus inter- 

mediate charges aggregating 2 hours..... 10241 ses 
On one normal charge of battery, plus inter- 

mediate charges aggregating 3 hours..... 120 Re 
On one normal charge of battery, plus inter- 

mediate charges aggregating 4 hours..... 139.052 
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On one normal charge of battery, plus inter- 

mediate charges aggregating 5 hours..... 158.25 

Motors rated at 37.5 amp. 200. volts, 800 R.P.M. guar- 
anteed overload capacity 100 per cent. 

Batteries rated at 225 amp. hrs. output (1 normal 
charge) guaranteed overload capacity 500% charge or 
discharge. Batteries rated at 302 watt hours output per 
cell (1 normal charge) 60.4 K.W. hrs. per car, 180.200 
K.W. hrs. per train. 

Batteries rated at 342 watt hours output per cell (1 
overcharge) 68.4 K.W. hrs. per car, 225.200 K.W. hrs. 


per train. 


Weight of car without battery............. 34,100 Ibs. 
Weight of battery per car.a.... 2-5. 4,600 Ibs. 
Weight of car with battery... ..) >... ae 38,700 Ibs. 
Number of battery cells per car for power.. 200 


Number of battery cells per car for lighting 
and operating seloid-multiple control re- 
lays 
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New Haven Center Cab Control Switcher Locomotive 


Included in the wholesale installation of electric 
switcher locomotives being made by the New York, New 
Haven & Hartford R. R. for its Harlem Yard Service, 
is locomotive No. 0215 Fig. 1 and 2, This locomotive 
is somewhat different from the fifteen other switchers 
in that it is arranged for center cab control. The rad- 
ical difference comes in that this locomotive has but one 
operating and control equipment, and this is mounted 
in the center of the cab. Thus the engineer has but one 
location in the cab for operation in either direction, the 
same as he would have in running a steam switcher. 
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control cab in the center, and two sloping end hoods 
protecting the control and auxiliary apparatus. 
Articulated truck construction is used in this locomo- 
tive, the same as in others of this type. The frames are 
placed directly outside the wheels and are steel castings 
of the usual bar type, having the straight pedestals with 
removal gibs. The pulling and buffing strains are taken 
by the truck frames, which are joined at the center of 
the locomotive by a draw-bar. Semi-elliptic springs are 
placed directly over the journal boxes, and the springs 
of each truck are connected to equalizing bars, but no 
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Detail of Switcher Locomotive. 


In Fig. 1 note the suspension of the master controller 
from the roof. This locomotive was especially arranged 
in this manner to determine which was the best switch 
for shunting service; a double end control (duplicate 
operating and controlling equipments at each end of the 
cab) or center cab control (but one operating and con- 
trolling equipment mounted in the center of the cab). 

The complete cab is of the “steeple type” with the 


cross equalization is used. An end view of this loco- 
motive is shown in Fig. 3. 

For propelling this locomitve are used four 192-hp., 
25 cycle single-phase, alternating-current, railway mo- 
tors of Westinghouse manufacture. On the end of each 
motor armature shaft is located a pinion which meshes 
with a steel-rimed gear. These gears are mounted rigid- 
ly on a quill which surrounds the axle with a clearance 
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sufficient to allow for vertical wheel play. In the motor 
frame are journals formed, which carry the quills. Hel- 
ical springs transmit the motor tractive effort from the 
gears to wheels. These springs are rigidly attached to 
the wheel center and gear center respectively. Thus the 


Side View of Locomotive. 
motors are spring-supported and the center of gravity 
of the locomotive is at a suitable height above the rail. 
A superstructure built of rolled steel shapes and plates 
carries the frame; 
The main driving wheels are 63 inches in diameter and 
have 56-inch cast steel spoke centers. 

Since these locomotives are to operate only on the 
New Haven system no provision has been made for 


End View of Locomotive. 


operating on direct current. Thus the control equipment 
is very simple; it is of Westinghouse electro- -pneumatic 
unit switch type. In this locomotive the main circuit 
apparatus consists of high tension oil circuit breaker, 
transformer, switch group, three preventive coils and 
two reservers. 


The auxiliary control circuit, the energization of 
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which is determined by the movement of the master 
controller handle, is supplied by a 20-volt storage bat- 
tery. A motor-generator set is used to charge this’ bat- 
tery. However, usually the sbattery floats on the line 
while the motor-generator supplies the control circuit, 
thus in case of accident to the motor-generator set. the 
battery is ready for immediate use. 

Completely equipped this locomotive weighs 154,700 
pounds. The performance of this locomotive is such 
that, exceptionally heavy loads can be hauled at an 
economical slow speed. It is capable of exerting a max- 
imum tractive effort of 40,000 pounds up to six miles 
per hour. | 


NEW LINE OF DORIC FIXTURES. 


The Jefferson Glass Company of Follansbee,. W. 
Va., have come to realize that shade equipment .for 
passenger cars should be not only efficient but classi- 
cal in design and free from ornamentation that will 
collect and hold dust. With that end in view, their 


designers have succeeded in producing an entirely 
new line of shades and reflectors which are also suitable 
The pattern 


for the lighting railway offices and stations. 


A 15 and a 40 watt Size Unit. 


is known as the “Doric” and the illustrations will 
demonstrate the purity of the design, the lack of 
crevices being apparent. The shadés need not be 
removed for cleaning, thus preserving the life of the 
lamp which suffers from handling. Their artistic. de- 


A Large Unit 100 to 500 Watts for Station Lighting. 


sign harmonized well with the furnishings of the 
modern cars and they can be cleaned with ‘the aid of 
a feather duster or a soft cloth. 

The shades are made of the celebrated “Moon- 
stone” diffusing glass which is free from all spots or 
imperfections which until the advent of this glass 
was considered an essential feature of diffusing glass. 

This firm is also producing many original and beau- 
tiful designs for indirect and semi-indirect lighting. 


152 


They also manufacture special and novel designs in 
glass, in fact, the main exhibit hall of the convention 
of the American Electric Railway Association in Chi- 
cago, was decorated by 50 Corinthian columns meas- 
uring 8 ft. in height, 16 in. in diameter, and the top 
being finished with an 18 in. plain “Moonstone” ball. 


New U.S. 


The U. S. Light & Heating Co., have recently per- 
fected a new generator regulator, or panel, which is 
known as their type SI. 

This panel as shown herewith has mounted upon 
it four pieces; the automatic switch, the generator 
current regulator, and the lamp regulator relay. 

The lamp regulator panel may be mounted immedi- 
ately below the SI panel shown below, so that the 
entire regulating apparatus may be installed with the 
lamp circuit switches in a single locker. 

The automatic switch is of the original Bliss type 
construction which has proved so successful for the 
past 15 years of service. 

The generator current regulator is an independent 
piece of apparatus and performs but one function, that 
of regulating the generator current. This regulator 
controls the generator current by means of a solenoid 
pull increasing or decreasing the pressure on a pile 
of carbon blocks in series with the generator field. 
Until the battery has become fully charged, this regu- 
lator will control the generator output in a manner 
very similar to that of the former type current regu- 
lator manufactured by this company. As the hattery 
becomes fully charged, however, its potential will grad- 
ually raise and when this should have risen to 42 
volts, the potential regulator assumes control and im- 
mediately reduces the generator voltage to 35 volts. 
This is the floating voltage of 16 cells of battery, so 
the battery charging will be discontinued. The po- 
tential regulator will hold the generator voltage con- 
stant at this value of 35 volts, regardless of what lamp 
load is required, and while the generator speed varies 
from cutting in speed up to the highest possible train 
speed. 

As the battery current is maintained at practically 
zero value by this regulator, it does not make any differ- 
ence whether the battery circuit is open or closed. 
The regulation is just as smooth and perfect on open 
battery circuit as it is on closed battery circuit. 

This regulator also has the property of enabling the 
generator to carry any lamp load that may be neces- 
sary whether the battery circuit is open or closed. 
Open battery circuits are an occasional source of 
trouble, which, on the older type equipments will 
cause the generator voltage to raise to such a high 
value that they either blow a fuse or burn out all the 
lamps in the car. So this feature of the new equipment 
will be appreciated by car lighting men. 

They have also perfected a new lamp regulator 
which is not more than half the size of their older 
type. This regulator has been designed especially for 
use inside of railroad cars or it may be put on a frame 
and mounted outside in the customary manner. This 
lamp regulator is controlled by the Type K. relay 
which has been in successful operation during the 
past year, and which, as before stated, is mounted on 
the type S-I panel. 

They have perfected a system of air dash pot con- 
struction and have applied air dash pots wherever 
they are necessary on the type S-] panel and the type 

B-I lamp regulator, thus eliminating all the troubles 
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The entire coltrain was illuminated by incandescant 
lamps. This < the first time that anything of this 
nature has beef’ attempted on so large a scale. It 
was undoubtedly a wonderful success in every 
feature, and excited great comment among the prac- 
tical electrical men attending this convention. 


L. Regulator 


that arise from the use of oil, glycerine and other 
materials in dash pots. 

They have also re-designed their generator to ac- 
commodate all of the standard makes of ball bearings 
and roller bearings, without any alteration on the 
machine itself. 
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New U. S. L. Regulator Type S-I, with Lamp Regulator Below. 


They are now furnishing aluminum brush holders 
in all generators, as this metal lends itself readily 
to this work, lightens the brush mechanism and adds 
greatly to the appearance of the apparatus. 

They have also modified the design of their com- 
bined brush rig and pole changer so as to prevent in- 
stalling the same in thé generator in any but the 
correct position. .While this is a very valuable feat- 
ure and one which it was very important should be in- 
corporated they have not sacrificed interchangeability, 
and the new brush mechanism will interchange per- 
fectly with the older types. 
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They are now using case hardened stcel bushings 
in the eyes of all suspension links, so as to reduce the 
amount of wear at this point and make it easy to re- 
store the original size of the hole without destroying 
or losing the links. 

They have also designed, and have put into service, 
a self adjusting spherical tension spring seat. This 
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accompanies all of their standard suspensions and 
has proved to be of great value in reducing the weight 
of the tension rods and the holes through the suspen- 
sion bars through which the tension rods pass. They 
have also provided all of their space bars with swivel 
guides which has completely eliminated all breakage 
of space bar guides near the locking nuts. 


Variable Resistor Iype Ampere Hour Meter 


The recent developments of the variable resistor type 
meter now makes it possible to use this meter as an 
absolute controlling principle for axle lighting systems. 

Heretofore the use of the ampere hour meter has been 
limited to the straight storage systems, and has only been 
used in connection with axle systems to give an indica- 
tion of the ampere hour charge and discharge. But this 


Meter with Case Removed, 


new type makes it now possible to place the meter in a 
storage battery circuit of an axle equipment and to use 
it for limiting the charge which the storage battery 
receives. . 
As shown in the accompanying diagram, the motor 
element of the meter is placed across a shunt and the 
variable resistor is in series with it. This resistor is 
merely a copper bar placed in a sealed mercury chamber 
and pivoted so that it may revolve through a slight angle. 
This sealed element is then clamped across the magnet 
poles at the bottom of the meter, as shown in Fig. 2. 


METER, DISC 


LINE 


Wiring Diagram of New Meter. 


When the battery is being discharged current will flow 
through both the shunt and meter in a direction from 
“A” to “B”. This will cause the meter disk to revolve, 
registering the discharge, and the copper bar in the 


resistor will be in the “closed” position, touching “C”- $6, 
as to provide a short path of low resistance through the 
resistor. 

When the current flows in the charging direction, how- 
ever, its direction through the meter will be reversd, flow- 
ing from “B” to “A” through both shunt and meter. 
The direction of rotation of the meter disc will then be 
reversed and the copper bar of the resistor element will 
tend to revolve in a reverse direction just as the meter 
disc does. The stop “D”, however, permits it to revolve 
only through a slight angle, where it remains until the 
current again reverses. But this introduces a certain 
amount of mercury in the path of current flowing 
through the meter disc. 

As mercury has about sixty times the resistance of 
copper, introducing even a short path of mercury in the 
meter circuit will considerably increase the resistance of 
this circuit and reduce the amount of current shunted 
through the meter. This will cause the meter to run 
slower on charge than it does on discharge and an 
overcharge of anywhere from 20 to 30 per cent. provided 
for as desired. 

This meter can be employed to perform the same func- 
tion in stopping battery charging when the charge has 
been completed as the stop charge relay was designed to 
do. As this meter, however, operates entirely upon an 
ampere hour principle, it will not be subject to the same 
variations and uncertainties of operation as has been 
experienced with the stop charge relay. 


Meter with 


Circuit Breaker on Panet, 


As the battery. discharges in the terminal or at stops, 
the meter will record this discharge and the dial indicat- 
ing the amount will revolve slowly in a clockwise direc- 
tion. 

Assume that when leaving the terminal the battery 
shows a discharge of 100 ampere hours. The axle equip- 
ment will operate normally without any interference 
from the ampere hour meter. During the night the bat- 
tery will likely become fully charged, but in moving from 
100 back to 0, the meter will run 20 per cent slower, as 
explained above, so that there will actually be 120 
ampere hours charge put back into the battery before 
reaching the O point. 

At this point, however, there is a contact “A” which 
may be used to close an electrical circuit and either render 
the generator entirely inoperative or to cause the storage 
batteries to merely float on the line. This condition of 
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no charge will be maintained until the battery has dis- 
charged a certain amount, but when the dial indicating 
hand reaches the point “B” it will make a restoring con- 
tact which will restore the generator axle equipment to 
normal operation again. 

The tendency will then be to keep the storage battery 
nearly full at all times, yet the destructive overcharging, 
which has seemed to be an inherent part of axle light- 
ing equipments up to the present time, will be entirely 
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eliminated. The axle lighting batteries operating on the 
ampere hour principle with this device will then be oper- 
ated very nearly as the standby batteries in street rail- 
way work are, that is, kept approximately in a floating 
condition, with the battery nearly charged at all times. 
The long life of storage batteries operated in this 
standby service is an excellent indication of what may 
be expected from storage batteries in axle lighting service 
when operated on this new principle of control. 


A New Speed Change System for Motor Drives 


This system consists essentially of an ingenious ar- 
rangement whereby the regular cone pulleys furnished 
as a standard part of the lathes, shapes, milling machines, 
etc., are applied directly to the machine in close proximity 


Direct Spinore ORIve. 
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RPM OF LATHE SPINDLE. 


CONE PULLEY SPEEOS 


CONE Purrt€y SPEEOS 


Chart Showing Speed of Lathe Equipped with Speed Change Device 
and Field Rheostat Control. 


to them instead of being supported from side walls or 
ceilings. The supporting frame which holds the driving 
cone pulley is usually supported at one. end by the motor 
which in turn is directly attached to the base of the ma- 
chine tool and is supported at the other end through an 
adjustable cam joint which enables the driving cone pul- 
leys of the machine tool through a short belt which can 
be tightened or loosened in an instant, so that speed ad- 
justments are made much more rapidly than with ordi- 
nary belt drive. The belt adjustment can be varied with 
such ease and with such a degree of nicety as to enable 
the operator to run the belt loose for high speed work 
and tight for low speed work, and as a result of this no 
trouble is experienced from hot bearings or unusual wear 
on the journal boxes. 

The system affords every advantage offered by indi- 
vidual electric motor drive with the use of either alterna- 
ting or direct current motors and at the same time affords 
all the well known and desirable features of belt drive. 

In addition to its advantages when viewed from an 
operating standpoint, it is reported as less expensive to 
install than almost any other system, the reason being 
that it employs standard constant speed motors and can 
usually accomodate alternating current motors at speeds 
of 900 and 1200 RPM, whereas with any of the other 
systems of securing speed adjustment in the motors, 
whether A. C. or D. C., the motors must be made large 
enough to deliver their rated horse power at the lowest 


RPM OF LATHE SPINDLE 


speed and therefore the motors become considerably more 
expensive. Furthermore, it is readily seen that by this 
system motors can be applied to existing machine tools 
as well as to new ones. The advantage is of great value 
to those railroad shops where the machine tools were 
installed before the many advantages of electric motor 
drive were fully appreciated, or where electric power 
could not be had at the time the machine tools were put 
in, but where electricity has since become available for 
use throughout the shop, so that all that is now needed is 
the application of a speed change device of this kind to 
enable the machine tools to be driven directly by individ- 
ual motors. 

In connection with the cost of installing this system 
the following comparative ‘figures were recently obtained 
in connection with equipping two 21” Gisholt turret 
lathes of identical pattern, one with an adjustable speed 
4 to 1 range direct current motor and the other with an - 
adjustable 11%4.to 1 range direct current motor with 
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Burke Speed Change System on 21 in. Turret Lathe. 


Burke Electric Company Speed Change Device. The 
motor applications are shown in the accompanying half 
tones and the figures are as follows: 
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Two Motor Drive. 

1 3% H. P., 4:1 motor; 

1 1H. P., constant speed motor: 
starter and controller ; 

I og ce fs co cig ce sn ene cine es o> $204.00 


1 Combined 


Variable Speed Motor on 21 in. Turret Lathe. 


Extra charge above price of standard belted lathe 
for motor drive including equipment except mo- 
aS 2 Ga Sgn ae rth ra ee $250.00 


RE ean Ree a $454.00 


Single Motors and Burke Electric Company Speed Change 

‘Device 

14H. P., 1 1-12 1 motor and controller with 
Mupeemiinanee Device 1... 2... ee eee ee $213.00 


Less credit for counter-shaft, two hangers, high 
speed pulley and reverse speed pulley (Cone 
pulley and one driving pulley were kept)....$ 25.00 


MRE att l essay etnces $188.00 


Saving effected by using Burke Electric Company 

Speed Change System exclusive of saving in 

EIS dh GRA nr aura ins ie ara $266.00 
_ While the great advantage of this system is in its abil- 
ity to permit of applying standard speed A. C., motors 
directly to standard machine tools, yet where direct cur- 
rent is available a finer range of speed adjustment can be 
obtained than with any other motor drive system em- 
ploying field weakening motors. The two diagrams 
shown herewith illustrate very well the remarkably wide 
speed range and great number of speed adjustments which 
are possible with this equipment. The chart was ob- 
tained from a standard lathe which was already equipped 


eo 
*These are a part of the standard belted machines outfit, but are 
not needed with this system of motor drive. 
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with a five step cone pulley and to which this speed 
change device had been applied in connection with a 2: 
i adjustable speed interpole motor with field rheostat con- 
troller. Each dot in the diagram represents a motor speed 
filling the gaps between the cone speeds, and illustrates a 
practically uniform change of speed of the lathe spindle 
from 9 RPM to 1255 RPM. 

This speed change device apparently solves the big 
problem of providing for variable speed adjustment of 
motors applied directly to machine tools with an alter- 
nating current shop installation and removes the last 
argument against the universal use of alternating cur- 
rent motors in railway shop practice. The system re- 
tains all the advantages of belt drive and belt flexibility, 
yet at the same time does away with the mass of overhead 
belting and excessive transmission losses where line shaft- 
ing used. 

This speed charge device is manufactured by the 
Burke Electric Co. of Erie, Pa. 


I. C. R. R. EDUCATES ITS MEN. 

With all our political frenzy to conserve the natural 
resources of our country so that our posterity may 
share in their riches, we are overlooking and neglect- 
ing the proper training of the youth of this generation 
so that when the estate of manhood and womanhood 
is reached, they may start the game of life unhandi- 
capped. 

Realizing that capable men, rank and file as well as 
the staff, are a necessity to the good conduct and 
economical operation of, the transportation line, Mr. 
W. L. Park, Vice-President of the Illinois Central 
Railroad, established two years ago an Educational 
Bureau, the instruction being very largely conducted 
by correspondence. 

The curriculum includes thirty-two courses, 
most prominent of which are: 

Block Signals and Inter-Locking. 

Railroad Operation. 

Locomotive. 

Air Brake. 

Gas Engine. 

Mechanical Drawing. 

Railway Mechanical Engineering. 

Boiler. 

Track. 

Surveying and Mapping. 

Railway Civil Engineering. 

Freight and Passenger Traffic. 

Railway Accounting. 

Telegraph and Telephone. 

Electric Light and Power. 

Etc., ete; ete: 

The accruing benefits, both to the students and the 
railroad, have been demonstrated to be great. Over 
four thousand employes, distributed through all de- 
partments, are enrolled, and the markings of their 
papers indicate satisfactory progress. 


the 


AMERICAN PULLEY CO. INCREASES PLANT. 

The American Pulley Company, in order to keep 
more closely in touch with large and growing trade 
requirements, is increasing its productive capacity by 
the erection of a new concrete warehouse addition to 
its present plant on Wissahickon avenue, with a base- 
ment and main floor, each having an extent of 22,000 
square feet of floor space—the new building will also 
contain a large new second-story office, the old office 
structure being diverted to the extension of the ma- 
chine shops—a substantial evidence of the company’s 
constantly enhancing success and prosperity. 
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Lesson No. 9. 


Belts and How to Apply Them 


Probably the most abused part of an axle system is 
the belt. It is placed down under the car where it is 1n- 
convenient to work at and hard to inspect properly, 
and at the same time encounters very severe condi- 
tions particularly in the winter time when ice and 
snow. often completely cover machine, suspension, pulley 
and everything else. 

We realized before we started this lesson, that no 
matter what fine theoretical ideas a man may have, it 
is pretty hard to put these into practice when it comes 
to the car lighting belt. But we hope to show first, 
how to line up a generator properly; second, how to 
apply a belt with fastener; third, what is the proper 
tension to pull a certain load; fourth, how to tell when 
you have the belt adjusted to that tension. 

In our August lesson we explained how to properly 
line up a generator and axle pulley, and just touched 
on the subject of belts. Please refer to that and read it 
again. 

There are three different kinds of belts used in car 
lighting service; the rubber belt, the balata belt, and 
the cotton stitched belt. 

The rubber belt is made up of four or five layers of 
heavy canvass which is thoroughly impregnated with 
a rubber compound under hydraulic pressure com- 
bined with a vulcanizing process. This causes the 
rubber to enter into all the pores of the canvass, caus- 
ing the layers to stick firmly together. 

When a belt runs over an armature pulley, there is 
a tendency for the layers of canvass to slide over each 
other, so it is very important that the rubber pene- 
_ trate the layers of canvass thoroughly and bind them 
together solidly. 

The balata belt is made somewhat similar to the 
rubber belt, except that instead of a rubber compound: 
being used, balata gum, which has different character- 
istics from rubber is used. 

Balata gum comes from a tropical tree as crude 
tubber does. It resists both water and oils and gives 
excellent wearing service. 

There are numerous stitched cotton belts impreg- 
nated with various waterproof compounds, and these 
are made up very similar to the balata and rubber 
belts, being composed of four or five layers of canvass 
stitched together, the whole being impregnated with 
compound while the belt is under tension. 


APPLYING THE BELT. 

Every road should endeavor to standardize 
diameters of axle and armature pulleys and generator 
suspensions so that there may be only two different 
lengths of belt required; one for a 17 in. axle pulley, 
and one for a 21 in. axle pulley. (The 21 in. axle 
pulley with a 12 in. or 14 in. armature pulley should 
be used whenever possible, as with this combination 
the internal grinding of the layers of a belt as it en- 
gages the pulley is considerably less than with an 
8 in. armature pulley. ) 


Where it is possible the belts should be cut in the 


shop and fastener applied to one end. It’s a good 
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deal easier to do an accurate and careful job in the 
shop than it is out in the yard under a car particularly 
with the thermometer at about 20 below. 

Some men have an idea that a piece of belting can 
be hacked off most any old way, but as a matter of 


a 


fact, it is a pretty important job and men should have © 


a good, heavy, sharp knife and cut the belt off with a 
number of strokes of the knife, and with a steel square 
to guide it. Don’t try to cut all the way through the 
belt on the first stroke. 


The Crescent Fastener. 

This should be applied to one end of the belt in the 
shop. Lay the belt over a wooden block and set the 
clamp down squarely with % in. projecting over the 
end. Drive the clinch rivets in plumb, and with the 


sharp point set lengthwise of the belt so that they will 


not cut any of the tension fibers of the canvass. Then 
turn the belt over and spread the clinches of the rivets 
down, laying a steel rod about % in. in diameter be- 
tween the clenches and strike it lightly with a hammer. 


Then clinch the rivets solid but don’t strike them so 


hard that they cut into the fibre of the belt. 

Several roads are using rivets that are too long. 
These should not be over 3/16 in. longer than the 
thickness of a belt. A 3/16 in. belt will require a % 
in. rivet, etc. When extra long rivets are used, they 
project too far through the belt and when pounded 
down are apt to wear down to the knife edge. A 
short rivet will have just as great holding power, if 
not greater, than a long one and will not cut the belt 
as a long one may. 

As a matter of fact, after the rivets of a Crescent 
fastener are properly set they all taper slightly toward 
the joint, so that when the tension is applied to the 
belt, the slight slant of the rivets causes the belt to bear 
over the entire length of the rivet; in fact, tends to 
hug the fastener, instead of the strain coming on the 
ends of the rivets. 

To apply the belt to the car, fish the belt back over 
the axle pulley and bring the ends together over the 
armature pulley. 
bring the ends solid together, and then drive in the 
rivets tapering slightly away from the joint, so that 
when they clinch tight they pull the joint solid to- 
gether. 

And again, be careful that the sharpened prongs of 
the rivets are set so that they do not cut any of the 
belt fibres running lengthwise of the belt. 

If the armature pulley is perforated move the joint 


slightly and clinch again so as to be sure that Il 


rivets are properly clinched. 

It is particularly important to clinch these rivets 
in the same careful manner as is done in the shop, 
but if the rivets are driven so that they do not taper 
sideways, there is enough bevel to the prongs to cause 
them to spread and clinch properly when merely 
driven against a flat surface of the pulley. 


The Alligator Fastener. 


This is the new fastener which was fully described 


in an article on page 35 of the June 1912 issue of the 
Railway Electrical Engineer. 


Line up the edges carefully and 


October, 1912. 


When belts are cut to a standard length, the two 
halves of this fastener may be fastened to each end of 
the belt in the shop. To apply the fastener take off 
the proper number of teeth to accommodate the belt 
used, and insert the belt between the jaws of the 
fastener with the bar side of the fastener up. Slip the 
gauge pin in the loops and bring up solid against the 
end of the belt. Start the two outside teeth first with 
a blow from a hammer and keep the loop and gauge pin 
solid against the end of the belt. Then start the middle 
teeth of the fastener, after which all teeth are driven 
half way through. Turn belt and drive prongs down 
until points of teeth from opposite side show through. 
Turn belt back, place on wood and drive prongs of both 
sides through as far as possible, clinching points over, 
after which fastener is placed on a steel block and all 
teeth securely pounded down. 


To apply to the car, fish the belt over the axle pulley 
as above, and slip in the rocker hinge pin, after which 
the belt is brought up to proper tension by the gen- 
erator takeup. 

It should be noted that the rocker pin is made up 
of two parts with corrugations on the outer face of 
each. These corrugations are supposed to fit in be- 
tween the loops and keep the pin from working out. 
Before inserting the pin see that the projections on 
one pin are opposite the indentations on the other where 
the ends are even. 


The Consolidated Spring Belt Fastener. 


This is another new fastener which was described 
on page 76 of the August issue of the Railway Elec- 
trical Engineer. The joint where the ends of the 
belt come together is cut in a “V” shape. For this 
fastener the manfacturer supplies an adjustable mark- 
ing and cutting gauge with which the belt can be cut 
to proper “V,’ and the holes for the rivets of the 
springs punched at the proper place. After punching 
the holes, they should be countersunk on the under 
side enough to let the rivet head come slightly below 
the face of the belt. The seven springs may be riv- 
eted to one end of the belt in the shop. Do not put 
washers between springs and the belt. 

To apply to a machine, slip the belt in place, and a 
belt crab may be used to draw the ends of the belt 
together when necessary. Rivet the springs in place 
as mentioned above. The takeup rod of the generator 
should be adjusted until the spring joint opens abou* 
Y, in. between the ends. When this space is reduced 
to about 1% in., due to the stretch of the belt, the gen- 
erator should be readjusted to the original 1% in. open- 
ing. The manufacturer supplies a complete set of 
marking and riveting tools. 


ADJUSTING THE BELT TO PROPER TENSION. 


When it comes to adjusting the belt to proper ten- 
sion, the average man is pretty well up against it. In 
the first place he does not know what that tension 
should be; and in the second place, even if he did 
know, he wouldn’t know when he had it right. 

We have worked a series of curves shown herewith, 
which give the actual pull in lbs. necessary to deliver a 
certain amount of power at train speeds varying from 
15 miles per hour to 80 miles per hour. 

These curves show the theoretical belt pull required 
to deliver a certain k. w. output of the generator at 
the various speeds. It will be noticed that in each 
case the belt pull decreased as the belt increased. 
but if you stop to think of it, that is just what you 
expect, for the power delivered to the armature is the 
product of speed times pull, and if the speed goes up, 
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the pull must go down if the power delivered is main- 
tained constant. 

This belt pull, however, should not be confused with 
the belt tension given the belt when it is applied to a 
generator. This is considerably greater than the belt 
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pull found on these curves. This information how- 
ever, will be found very useful in estimating the 
proper tension which should be given a belt when 
applying it to a car. 


Table 1. 
17 in. axle pulley. Maximum Driving Pull. 
Lkawe 80 lbs. 
2 k.w. 160 lbs. 
3 k.w. 240 Ibs. 
21 in. axle pulley. 
1 kw. 65 lbs. 
2 k.w. 130 lbs. 
3 k.w. 195 Ibs. 


The above values are based on a cutting in speed 
of 15 miles per hour. 

The above curves show the maximum pull which 
the belt must deliver to the armature. The problem 
of the axle generator man is to bring up the belt ten- 
sion until it will just nicely keep the belt from slipping 
under this load. Now if the machine will require a 
maximum pull of 240 lbs. you must give the belt 
enough tension so that vou cannot turn the armature 
pulley when you give it a twist of 240 Ibs. It must 
not be so tight however, that you cannot slip it with 
say a twist of 300 lbs. 

But now the big question is, how are you going to 
tell whether you give it a twist of 240 or 300 Ibs? 
The answer is: Practice up on it. 

But now as to details on this practice stunt. It 
will be a good scheme to rig up an armature shaft with a 
standard pulley on the end of it and mount this about 
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2 ft. from the floor, this being about the average 
height of an axle pulley above the ground. Attach 
a spring balance to the face of the pulley either by 
means of a wire or small section of a belt as shown 
in the accompanying illustration. Practice up on this 
until you know what a 100 lb. twist means, what a 
200 Ib. twist means, and what a 300 lb. twist means. 
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¥ig. 38. Showing an Easy Way of Adjusting a Belt to Approximately 


the Right Tension. 


Remember that a 200 lb. twist takes a 100 lb. push up 
on one side and a 200 lb. pull down on the other side 
of the pulley, as shown in Fig. 38. 

Then when you apply a belt you will be able to ad- 
just it at least within these limits and possibly much 
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Fig. 39. Suggestion for a Device for the Boys to Practice Up On. 


closer, but at any rate the belts you apply should not 
be pulled up two or three times as tight as they need 
to be. 

This matter of proper adjustment of belt pull is a 
very important one. Belts cost from $4.00 to $5.00 a 
piece, and when these are carelessly applied, screwing 
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the belt up to an extremely high tension, the first trip 
out often either tears a belt to pieces or the side pres- 
sure on the bearings becomes so great as to run a hot 
box or let the armature right down on the generator 
fields. 

$10.00 REWARD. 

Now we are going to offer a competitive prize of 
$10.00 to the man who can adjust a generator belt the 
nearest to proper value to deliver a 1, 2 anda 3k w 
output of the generator without slipping. 

This test will be run in the booth of the U. S. Light 
and Heating Co. during the coming convention of the 
Association of Railway Electrical Engineers, and is 
open to all car lighting boys interested. 

Come along and win the prize and get the glory 
of being the best belt man in the country. 


_ Practical Stunts. 
Send in your ideas. We pay for them. 


Testing Battery Tanks. 

Where lead tanks are used for storage batteries in 
car lighting service, you occasionally have a small 
leak in a tank which will only show up when the bat- 
tery is in service with the electrolyte at a high tem- 
perature. 

I find the best way to test for small leaks, is to first 
take out the elements and after thoroughly cleansing 
the tank fill.it up with water at 212 degree’s fahr, and 
as the water cools draw it off and refill with hot water 
repeating the opperation two or three times. ‘This 
causes the lead to heat up and expand, and also warms 
up the compound which seals the tanks in the crates, 
and if the leak is caused by a small crack or flaw in 
the lead you will most surely find it. Where if you 
use cold water for testing, it chills the sealing com- 
pound and tends to stop the leak. Hot water for test- 
ing tanks can be had off a locomotive in any railroad 
yard. Joe Piland, L. & N. Ry. 


To the Editor:—When a commutator is rough or 
sparking from high mica or other cause and no time 
or facilities to put it in lathe, by motoring generator 
with full field or at slow speed and grinding commu- 
tator with a piece of soft sandstone finishing with 
No. 00 sandpaper it will make as good a job as put- 
ting in a lathe. 

A, P. R. Ry Electriciags 


Question Box. 


Question. I operate a 60 volt headend system with 
three batteries on the train and the other morning, when 
the engineer shut off the steam on me, the underload 
circuit breaker didn’t act and the batteries motored the 
generator for several seconds before I opened the switch. 
When I started up my machine the next night and threw 
in the main switch, the overload circuit breaker went out 
with a bang and I found that my generator voltage was 
reversed. I shut down the machine, put battery current 
through the field in the right direction and started up 
again with everything O. K.—But what made the ma- 
chine reverse. J: Woes 

Answer. When your steam was shut off, and the 
turbine was motored by storage battery current, your 
machine began pumping steam back into the engine, or 
at least tried to, with a heavy current flowing from your 
battery line. In fact, this would be almost equivalent to 
a short circuit on the line. 

The voltage across the terminals of the generator was 
probably very low, so that the generator shunt field was 
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would be 61 or 62 volts. 


weak. Since the current flow from the battery to the 
generator would pass through the series compound field 
winding in the reverse direction from normal, and this, 
together with the high armature reaction of the heavy 
current flowing through the armature, undoubtedly re- 
versed the generator field. When you opened up the 
switch, the field was left in a slightly reversed condition, 
any electro magnet will retain some of its magnetism 
even after the magnetizing current is turned off. When 
you started up the next night, this small amount of re- 
sidual magnetism in the generator field caused generator 
to build up in the reverse direction, and when you closed 
circuit you had the negative machine connected to the 
positive battery and this caused both generator and bat- 
tery to short circuit right through each other. 

Editor. - 
To the Editor :— 

In your February lesson Mr. Cutting suggests a 
scheme for reducing the voltage of a 110 volt circuit so 
as to light 60 volt train line from the 110 volt station 
circuits while the train was in the terminals by intro- 
ducing a dozen cells of storage battery in circuit. 

He states that these cells would buck down the volt- 
age to a proper value regardless of how many lamps 
were being used. 

Now as I understand it, a battery doesn’t have any 


counter electro motive force, and it is of mighty low 


resistance, so the voltage on the train lines would depend 


altogether upon how many lamps were being used, and 


what the train load in amperes amounted to. 
Then too, the battery capacity would have to be large 
enough to handle the whole train line current. I don’t 


‘see that any worn out battery such as he speaks of 
would hold the voltage constant at all. 


eat aD. 


Answer. Mr. Cutting is right in this matter, and I 
suggest that you stop to consider that each cell of a 
storage battery is like a little booster, the one helping 
the other to boost up the voltage of a group to a certain 
value. Now, if one of these cells in the battery be- 
comes reversed, it will buck 2 volts instead of boost- 
ing 2 volts. The amount of this bucking or boost- 
ing voltage of each cell will vary somewhat of course, 
with the amount of current flowing, and with a heavy 
train line current of probably 100 amperes going 
through an old worn out battery as Mr. Cutting used, 
the voltage may be as high as 3 volts per cell 

If you have a 64 volt battery fully charged and add 
an additional cell to it which is connected up wrong, 
1. €. positiye pole of the battery connected to positive 
pole of the pulley, the effective voltage of the outfit 
If 2 reversed cells were 
added, the effective voltage might be from 58 to 60 
volts. 

You note from Mr. Cuttings article that he con- 
nected in 12 cells so as to buck down line voltage 
from 110 volts to 64 volts. This may look like a 
tather small number of cells, but if you will note he 
mentions the fact that the cells were rather old, and 
when operated in the train line were really being 
charged at high rate all the time, maybe 75 to 125 am- 
peres depending upon the size of train line. 

_ Under these conditions the cells might take a charg- 
ing voltage of probably 3 volts which would buck the 
line voltage down to 74 volts. You undoubtedly have 
had enough experience with head-end systems to 
know that 74 volts on a loop will give about 64 volts 
on the lamps. The counter electro motive force of 
the battery is the important consideration here, not 


its internal resistance. 
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To the Editor:—Being employed as a batteryman 
and a reader of your journal I would like to: secure 
a little information on a lead train lighting cell. Can 
you tell me what kills the acid when postive plate 
becomes buckled and shorted to negative. As a rule 
when the above mentioned takes place that is what I 
find. 

On the other hand I find that sometimes the acid 
is not dead when same takes place. If the last men- 
tioned be true, and I think on investigation you will 
find is, how long after same has been shorted is it be- 
fore the acid will be dead or less than 1,150 Spec 
Gravity? Harvey Davies. 


Answer. The first point I wish to make clear in an- 
swer to the above is that a “short” may be anything 
from a tiny tree formation of lead between plates 
which would discharge the battery slowly, to a heavy 
“short” caused by buckling, or a heavy tree forma- 
tion. In the first place it might take hours to fully 
discharge the battery or to “kill the acid” as you say, 
while with a heavy “short” it might do the business in 
half an hour, so you see it depends upon both the size 
of the short circuit and how long the cell has been 
short circuited as to what condition the acid is. 

Editor. 


To the Editor:—Why is there one more negative 

plate than positive plates in train lighting cells? 
ED: 

Answer. This is done so that the full capacity of the 
outside positive plate may be available. If the same 
number of negatives as positives are used, the outside 
plate on one side would be negative and on the other 
side a positive plate. The active material on the out- 
side face of this positive plate could not be used, as 
there would be no negative plate opposite it to make 
use of this capacity. 

(Continued next month.) 


CHARLES O. BAKER JOINS THE GOULD COM- 
PANY. 

Mr. Chas. O. Baker formerly Manager of the 
Wheeler Reflector Co., of Boston, has very recently 
become connected with the Gould Coupler Co., and the 
Gould Storage Battery Company. 

We are glad to welcome Mr. Baker to a more inti- 
mate connection with the car lighting field, and feel 
that his wide experience in the design and manufac- 
ture of reflectors for industrial purposes will make 
him an active and valuable member in Association 
as well as in general railway work. 


NEW LAVIATHAN BELTING. 

After a rather extensive investigation as to the 
special requirements of railway car lighting service, 
the Main Belting Company of Philadelphia have de- 
signed a new laviathan car lighting belt. This belt 
is made of four or five plys, as desired, of the best 
grade of cotton duck belting, thoroughly impreg- 
nated into the very fibers with a material especially 
designed to withstand heat, cold, dust, dirt, water, 
snow, etc. 

This compound is applied while the belt is under ten- 
sion so that the stretch is almost entirely eliminated. 
Manufacturers state that the first samples of this new 
belt were applied November, 1911, and that experi- 
ence has shown that the ordinary generator take-up 
is sufficient to allow for all belt stretch. 

This new belt is shown in an operating exhibit at 
booth 60 at the Convention, 9th floor, Auditorium 
Hotel. 
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A NEW X-RAY PRODUCT. 

Here is a new X-Ray Reflector intended for drop 
cord and bench lighting in shops, over counters and 
work tables, for all kinds of localized lighting, and 
for general illumination from comparatively low ceil- 
ings, as, for instance, bowling alleys, basements, store 
rooms and corridors. 


New X-Ray Reflector. 


It is constructed of glass in one piece. The ver- 
tical and spiral corrugations produce an almost per- 
fect diffusion. A coating of elastic enamel protects 
the silvered reflecting surface from cracking and de- 
terioration, 

This X-Ray Reflector meets a demand for a dis- 
tributing type of reflector for 25-watt and 40-watt 
Mazda lamps. At 30° from the vertical, with a 40- 
watt lamp, No. 555 delivers 94 apparent candle power. 
The reflector is 63g” in diameter and 5%” high. It 
is manufactured by the National X-Ray Reflector Co. 
of Chicago. 


“A SLEDGE AND A MAN TO SWING IT.” 


In these days of hurry and hustle, the time and labor 
saver, other qualities being equal, is first choice in all 
lines of industry. Thus a guy anchor that can be in- 
stalled by one man in ten minutes is preferred to another 
that requires the services of two men for a longer period 
of time. 

This remarkable short time of ten minutes is claimed 
by the Crouse-Hinds Company as the average for sink- 
ing and setting its Harpoon Guy Anchor. It is further 
Claimed that the “Harpoon” can be installed quickly 
where intertwining roots, buried timber or other obstruc- 


Harpoon Guy Anchor, 


tions preclude or make exceedingly difficult the ‘location 
of other forms of patent anchors. 

All parts of the Harpoon Guy Anchor are made of 
steel, three sections being used as each proved itself best 
adapted for the particular purpose. The point of the 
rod is hardened and, without injury to itself, will chip 
off or turn aside such large stones as may be in the 
anchor’s path. 

“A sledge and a man to swing it” is the catch phrase 
of the manufacturer, in declaring the full requirement 
for driving the “Harpoon’—driving, not burying or 
screwing in—, and an upward pull, such as could be 
given by the tightening of the guy wire, sets it, This pull 
causes the four wings to open out in undisturbed ground. 
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A handsome catalogue, containing full data regarding 
the Harpoon Guy Anchor and numerous illustrated solu- 
tions of troublesome anchorage problems can be secured 
free by writing to the Crouse-Hinds Co., Syracuse, N. Y. 


CRAVENS ELECTRIC CO. 


Announcement is made of the removal of the offices 
of the Cravens Electric Company from the Commer- 
cial National Bank Building to 12-14 S. Jefferson 
street, Chicago. This change is made necessary by 
the rapidly growing business of the company. A 
large new shop has been equipped, which, together 
with the location of the offices in the same building 
permits the company to maintain its reputation for 
very prompt shipments. 


= 


HESS-BRIGHT MOVES TO NEW FACTORY. 


The new factory and office of the Hess-Bright Man- 
ufacturing Co., at Front Street and Erie Avenue, Phil- 
adelphia, Pa., has a frontage of 200 feet and a depth 
of 235 feet. The entire second floor to a depth of 35 
feet is devoted to offices. Back of the offices the 
building is one story high with sawtooth roof. The 
bulk of the Company’s product is imported, and the 
output of the new shops here shown will represent but 
a very small proportion of the entire business done. 
The present building forms the nucleus of a much 
larger plant which it is intended eventually to erect. 


NEW BENJAMIN CATALOGUE. 


A new catalogue on lighting specialties has just 
been issued by the Benjamin Electric & Manufactur- 
ing Company of Chicago. It contains a complete line 
of information regarding wireless clusters, sockets, 
reflectors for industrial and shop illumination, out- 
door lighting fixtures and numerous Benjamin spe- 
cialties such as their new spring clamp shade holder, 
new lamp grip, attachment plug, lock guards for re- 
flectors, etc. 


AMPERE HOUR METER BULLETIN. 


The Sangamo Electric Co., of Springfield, Ill., is 
distributing a 24-page booklet on the use of ampere hour 
meters in connection with storage bat- 
teries. Although the bulletin relates more 
particularly to vehicle batteries, it con- 
tains much of interest and value to rail- 

way car lighting men. 

In addition to a description of several 
of the newest types of ampere hour met- 
ers, it contains considerable information 
on the most approved storage battery 

practice. 
Write for one of these bulletins if you have not already 
received one. 


POSITION WANTED. 


POSITION WANTED—By a man having 2% years experience in both 

axle generator and battery work, thoroughly familiar with Bliss, 
Gould, Safety and Consolidated systems. Has technical education 
acquired by home study, competent to take charge of the electrical 
work at a terminal, and is now employed in car lighting work. 
W. B. H., care Railway Electrical Engineer. 


POSITION WANTED—By one who has had 8 years of experience in 

looking after Electrical Lighted Cars and all kind of equipment 
and Head End System. Reply in care of Electrical Engineer. Address 
E. W. M. Railway Electrical Engineer. 


WANTED—A man to learn automobile starter and lighter inspection 

work. One familiar with car lighting prefered. Apply at No. 3854 
Lancaster Ave., Philadelphia, Penn., and furnish reference: U. §, Light 
& Heating Co. 
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OUR OBJECT. 


The object of this publication is to provide a medium for the 
free interchange of ideas and experience among those identified 
with the operation of electrical apparatus as applied to rall- 
way practice. 

In this mutual exchange of ideas among the men prominent 
In the field there will result a better understanding and solu- 
tion of the problems before us and a wonderful inspiration for 
ali to greater achlevements. 
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Fifth Annual Convention. 


The fifth annual convention of the Association of 
Railway Electrical Engineers last month while being 
greater both in points of number of men attending and 
size and value of the exhibits gave marked evidence of 
the broadening of the scope and purposes of the Associ- 
ation as shown by the character of the papers and their 
accompanying discussion. 

The paper on Electrification of Trunk Lines by Mr. N. 
W. Storer contained much information on the develop- 
ment of electric equipments for railroad operation and 
brought forth much interesting discussion from railroad 
men present. 

‘The paper on steam turbines by Mr. W. J. A. London 
and Mr. A. P. Peck and the instructive discussion which 
followed showed that this Association is fully alive to 
the requirements and possibilities of power plant design 
for railroad shops and terminals. 

The paper on Industrial Lighting by Mr. B. F. Fisher 
though of a non-technical nature was very instructive. 

The report o fthe committee on Shap Practice both 
contained much valuable information and recommenda- 
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tions for standard practice and drew forth a lively dis- 


cussion on shop problems. » 


The talk by Mr: A.:J..Sweet on postal car lighting 
covered an extremely live: subject in a comprehensive 
way. The postal:authorities are now drawing up speci- 
fications for postal cars, so the report of a recent inves- 
tigation of this subject! which formed the basis of Mr. 
Sweet’s talk was most timely. 

Mr. Read, Chairman of the Committee on Standard 
Postal Car Construction'attended the convention and dis- 
cussed this subject. 

’ The Committee on Specifications reported on belts for 
car lighting, incandescent lamps for car lighting, and 
wire. The last part of their report referring to wire was 
of a most comprehensive nature in fact this is the first 
attempt on the part of any purchaser of wire to draw 
up anything like a complete specification which would 
cover every case. 

The Committee on Train Lighting Practice and the 
other standing committees of the association contained 
much information of real value. This is all briefly ab- 
stracted in this issue. 


Light, Its Use and Misuse. 

The Illuminating Engineering Societty have just 
issued a primer on illumination which is written spe- 
cially for the general public. 

Illumination is probably one of the most abused 
arts or sciences which the public tries to employ for 
its own comfort and convenience. Mistaken ideas as 
to what is good and effective illumination are so pre- 
valent that this primer as published by the Ilumina- 
tion Engineering Society will meet a long felt need 
in the education of the general public along this line. 

We believe this primer will be of such interest and 
value to all railroad men that we are warranted in 
repairing hrdl mfwy mfwyp mfwyp bgkq bgk bgkqjj 
reprinting the pamphlet entire. The first section of 
this is published in this issue. The balance will ap- 
pear in our December and January issues. 


Electric Headlights. 
The series of tests, made by the Railroad Commission 
of Wisconsin recently, the results of which were pre- 


sented before the October meeting of the West- 
ern Railway Club contains much interesting  in- 
formation. As in a similar series of tests made by 


Dean Benjamin of Purdue University in 1909, it was 
found that the number of false or phantom signals which 
were observed were surprisingly large, in fact the propor- 
tion of signals incorrectly observed was so large that if 
the same difficulty were experienced by locomotive en- 
gineers operating the electric head light in practical ser- 
vice there would be a, larger. number of wrecks every 
night. This paper is abstracted later in this issue from 
which some of the important details may be obtained. 

As a general thing we are still using some old oil head 
lights that we did 50 years ago and as a matter of fact 
if anything, this oil head light has deteriorated instead 
of improving in that time. The claim is made that the 
air brake is the greatest safety appliance in modern rail- 
roading but of what use is it at night if we do not have 
a light which makes if possible to see objects on the 
right of way. 

The main source of disagreement as to the best head- 
light seems to be largely due to a misunderstanding of 
or disagreement as to the functions of that headlight. 
Some of the railroads may.take the position that the head 
light is the mere front end marker and is not intended 
to illuminate. the track or objects nearby. The other 
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group takes the position that besides being a front end 


marker the headlight is intended to illuminate the track. 


and objects near it so that the engineer may observe them 
and the pedestrian or man in a vehicle about to cross 
the track may see the beam of light of an approaching 
train. 

The difficulty with the electric headlight seems to be in 
causing phantom signals, blinding the approaching engi- 
neer or switchman in front and making it difficult to read 
the classification signals on the front of an engine. 

Locomotive engineers who have used electric head- 
lights stated that while they receive phantom signals 
occasionaly they can readily distinguish these from the 
true signal light. Moreover it is usually possible to read 
the position of the signal arm as is done in day light. 
Practically all of the electric headlights are now equipped 
with an incandescent lamp auxiliary which is to be used 
in terminals and when approaching an opposing engine. 
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The mere fact that there are over 20,000 electric head- 
lights in service with little or no trouble from phantom | 
signal lights or classification signals would indicate that 
there was something fundamentally wrong about the in- 
vestigation carried on by both the Railroad Commission 
of Wisconsin and by Dean Benjamin for the Indiana 
Railroad Commission, It is probably due to the fact 
that the observers included few if any practical loco- 
motive engineers having had long experience with the 
electric headlights. As pointed out by Prof. Mack, a 
blacksmith can tell the color of a piece of steel in the fire 
while an inexperienced man is blinded by the glare of 
the surrounding coals. : 
It is unfortunate too, inasmuch as both commissions 
found the light of the electric arc to be too intense, 


‘that some of the types of electric headlights of a candle 


power midway between that of the oil and the present 
high power arc light were not also tested. 


Fifth Annual Convention of the Association of Railway 
Electrical Engineers. 


The Association of Railway Electrical Engineers was 
called to order by President F. R. Frost, Elecrical Engi- 
neer of the Sante Fe, at 10 A. M. Tuesday, October 22nd 
in the Assembly Hall of the Auditorium Hotel, Chicago. 
President Frost then addressed the Association as fol- 
lows :— 

The record of railway electrical engineering during 
the past year has been eventful and progressive along 
many lines. In car lighting sixty volts has been made 
standard for practical all “head end” service: new types 
of current regulators for axle devices have been brought 
out, giving greater adaptability to changing service con- 
ditions and the larger use of ball bearings in dynamos 
and further investigation of belt drive have improved 
exle lighting service: new arrangements of conduit and 
design of special fittings have simplified conduit systems 
and made it practicable to install car wiring in accord- 
ance with the National Code requirements; new designs 
of reflectors have added efficiency and more pleasing 
effects to various types of illumination. Many similar 
improvements have been made in shop practice and in 
shop lighting. 

The Association has shown good results during the 
year and its prestige and influence are steadily increas- 
ing its recommendations are being generally adopted. 
One example of interest is the change made by several 
iarge railway systems from one-hundred and ten volis 
down to sixty volts for “head end” service as recom- 
mended by the Association. 

Detailed specifications have been prepared covering car 
lighting belts, incandescent lamps, wire, ball bearings 
for car dynamos and also for other material. These 
should be of considerable service to the car lighting engi- 
neer. 

The report of the Secretary-Treasurer shows a gain 
in membership and good financial condition due in con- 
siderable measure to the able and loyal efforts of Secre- 
tary Andreucetti. 

We have before us for discussion a large amount of 
interesting data and recommendations for discussion and 
I trust that each member will miss no session if he can 
avoid it, as each subject is interesting and deserving of 
careful study. 

At this time, I desire to thank the members of the 


Executive Committee, the Chairmen and members of 
Standing Committees and other members who have la- 
bored so faithfully to conduct the work of the Associa- 
tion and prepare the able reports which are to be pre- 
sented. : 

The report of the Secretary Treasurer was then read — 
and accepted. The Secretary read letters from Mr. Ful- 
ler, Assistant General Manager of the Union Pacific 
Railroad: Mr. Keegan, of the Grand Rapids and Indi- 
ana Railroad: Mr. Seely of the Rock Island Railroad: 
and Mr. Hobbs, General Superintendent of the Louis- 
iana Western Railroad, honorary members of the Asso- 
ciation who regretted their inability to attend the Con- 
vention. 

The report of the committee on Installation of Wiring 
for Electric Light and Power in Railway Shops as pub- 
‘ished in the October issue of the Railway Electrical Engi- 
neer was then read. 

Mrv A. J. Collet: (U. P.) said that they have en- 
tirely eliminated all drop cord lights and found that the 
portable lights as connected to a permanent socket on 
the tool itself offers ample illumination for special work, 
such as boring cylinders, etc. 


Wiring in Railway Machine Shops. 

Mr. D. B. Pastorius: (Penn. R. R.) said that he did 
not consider the wiring of machine shops as advocated | 
in this report to be flexible enough. He said that it very 
often became necessary to change the position of tools 
and the size of motors at a certain point. He recom- 
mended that overhead mains be run on the outside wall 
of the shop, these not to be placed in conduit but run 
as open wires. Instead of using panels for distribution, 
a connection is taken from these mains, run down the 
side of the wall in conduit, thence underground to that 
tool. Each motor is to be placed on a separate circuit. 

Mr. J. A. Andreucetti, (C.& N. W.) said that he 
considered the practice of open wiring in any railroad 
building should be avoided. He considered the scheme 
advocated by Mr. Pastorius as undesirable from the 
maintenance point of view. He recommended that a 
steel cabinet with sufficient branches to take care of any 
proposed outlay be installed. In this way a connection 
could be run to a main switch at the distribution box 
and the individual motor circuit tapped off at that point. 


. 
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A. J. Collett (U. Pac.) said that he didn’t consider 
that either the open wiring or the panel board system 
met the special conditions in railroad machine shops as 
well as a certain system which they had installed. This 
consisted of a loop system of the main feeder wires 
running along the whole shop. This is placed in con- 
duit and numerous straightaway outlet box fittings with 
fuses were installed for tapping in special machine cir- 
cuits. Where more then one machine was connected to 
2 line, individual circuit breakers were installed on each 
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ward ‘when he had occasion to remove the wiring found 
the soap stone and dust in he conduit perfectly “dry. 

MrvAg t+. Parrelly (© N. W.) then’ stated that 
the new freight round ay at Butler had just been 
completed and was wired in accordance with the recom- 
mendations of this committee report. He stated. that 
five. difterent kinds of lighting had been installed in 
various sections of the round house as follows :— 

One section with three bulls-eye headlights, two at 
the head of the stall, and one at the foot. Another sec- 
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machine. He said this was considerably cheaper than 
panel board construction, and at the same time was 
fully as flexible as that system recommended by Mr. 
Pastorious, yet did not have the disadvantages of open 
wiring. 

Round House Wiring and Lighting. 

meee Gilman, (CM. & St. P.) said they very 
recently had some trouble i in a round house with grounds 
in the vertical pipes coming down to the outlets for 
attachment plugs. This seemed to be caused by the con- 
densation on the inside of the conduit which dripped 
into the box so that it became necessary to install 
drain from the box. 

‘Mr. D. J. Cartwright (Lehigh Valley) said they had 
found similar trouble, but had attributed it to the fact 
that the conduit was mounted on a concrete or an iron 
post which would make the temperature of the iron con- 
duit be somewhat lower than the surrounding air. In one 
particular instance it became necessary to place blocks 
of wood an inch thick between the conduit and concrete 
in order to eliminate this condensation. In another in- 
stallation in which he buried the conduit in the concrete 
he said it remained entirely dry so that.3%4 years after- 
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tion with two headlights one at either end of the stall. 


Another section was lighted by two tungsten clusters. 
Another was a combination of a headlight at the further 
end of the stall and a single tungsten unit at the foot 
of the stall, and the other was a single tungsten unit 
at either end of the stall. After a comparison of the 
various systems by all classes of men interested, it was 
decided to adopt the system using three headlights. He 
said that the main advantages of this headlight system 
seemed to be that it directed the light to the point where 
it was most needed; it was entirely removed from the 
smoke zone of the round house, being placed on the wall 
about 8ft. from the floor, and as the entire unit was 
encased in a dust proof casing, the only cleaning neces- 
sary was to dipe off the outside of the bulls-eye lens. 
He said this system did not seem to deteriorate in serv- 
ice to any appreciable extent, while the overhead system 
readily became covered with soot, and the lighting effi- 
ciency was seriously impaired. Mr. Farrelly was then 
asked if these headlights did not throw the entire flux 
of light down between the engines leaving the aisles en- 
tirely dark. “He said that it’ was surprising thé amount 
of light which was delivered to this runway. There 
Price $1.50. 
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seemed to be plenty of light both here and on the benches 
placed against the wall immediately below the lights 
without any additional drop cords. 

Upon motion the meeting adjourned. 


TUESDAY AFTERNOON SESSION. 


Mr. E. W. Jansen read the report of the Committee 
on Data and Information as published in the October 
issue of the Railway Electrical Engineer. 


Car Lighting Belts. 

Supplementing that part of the report pertaining to 
belt life. Mr. Jansen stated that the average age of these 
equipments is about 1 year 9 months. They have a long 
link suspension on each axle and armature pulley, 21 in. 
and 11 in. respectively, and accordingly a belt is not 
run very tiglit. 

Mr. Colgrove (Illinois Central) stated that he con- 
sidered one of the main reasons for long belt line oper- 
ated on this road was that the belts are carried under the 
trake beam instead of over it. Many cases where the 
belts are passed over the brake beam, the clearance is 
so small that when the brakes are set the brake beam 
raises enough to rub against the belt and tear the belt 
apart. 

Mr. E. W. Jansen (Illinois Central) called attention 
to the side brace for suspensions and said that he con- 
sidered that as a very valuable safety device. 

President Frost then asked for some information re- 
lative to the new spring drive designed by J. D. Younger 
of the I. C. R. R., and placed in service to some extent 
on that road. 

Mr. J. D. Younger (Illinois Central) said that the 
first grooved pulley made by them consisted of a 10 in. 
armature and 21 in. axle pulley with six grooves 7% in. 


deep in each. The first springs employed were made of. 


No. 12 piano wire and wound to a 3 in. spiral spring. 
On the first trip of 100 miles two belts were lost, so 
they came to the conclusion that they were possibly too 
close together and that in striking a low space in the 
track, taking a switch, etc., where there was consider- 
able jar to the trucks this might cause the springs to 
became entangled with each other. He later had two 
4 in. springs wound and applied them to the two outside 
grooves. The car made several trips satisfactorily, but 
after a while the spring drive became somewhat stretched 


out and ran loose, so that they would occasionally climb - 


from one groove to another. They are now having 
other pulleys made with grooves 2 in. deep, but these 
are not ready for application at the present time. 

Mr. Younger pointed out that with this type of a drive 
no take up springs would be necessary. Machine can be 
mounted practically rigid, and accordingly the wear 
on bearings and pulleys considerably reduced. He said 
that the two % in. spring belts were applied to a 50 
ampere machine and operated satisfactorily. 

Mr. E. W. Jansen (Illinois Central) was asked what 
he considered the most economical belt to use for car 
lighting work, a high priced belt, a medium priced belt 
or a low priced belt. He stated that he felt that the best 
of everything is none too good when it comes to car 
lighting. There is less chance of a failure with a good 
belt than with a poor one. They use the best belt they 
can buy and have very little belt trouble, He also stated 
that they installed a leather belt on trial which up to the 
present time had made over 120,000 miles. 

Mr. Hutchison (Rock Island R. R.) stated that he 
had been conducting some tests for the past three years, 
a partial report of which was included in last years re- 
port of the Committee on Data and Information. These 
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tests have shown that 75% of the belts that are used in — 
tailway car lighting service are lost and only 25% of 
them actually worn out. This indicates that it was un- 
necessary to employ high priced belts, for the good qual- 
ities of a belt which would give it long life are seldom 
actually given a chance to make good. He states that: 
these tests would be complete in about four months at 
which time the results would be given the Association 
through the medium of the Railway Electrical Engineer. 

Mtr. G. B. Colgrove (Illinois Central) stated that it 
was his experience that five ply belts broke at the clamp 
quicker than the four ply, and that they found the 
cheaper grade of belt broke and tore out at the clamps. 


Round House Wiring. 


Mr. G. B. Colegrove (Illinois Central) stated that it 
bers had used lead covered cable for round houses. Mr. 
J. R. Sloan (P. R. R.) said that they had made several 
installations of that type recently but could not make 
eny definite report at the present time. 

E. W. Jansen (Illniois Central) said that they had 
equipped many round houses with a three wire lighting 
system using open feeders mounted outside the round 
house just under the eaves. They placed a galvanized 
fuse box outside of each stall and run through the wall 
a condulet switch inside. They provide three tungsten 
lamps installed with enameled steel reflectors in each 
stall. The wiring from the switch box to the lights is 
run in conduit along the girder. 

Mr. Andreucetti (C. & N. W.) contended that open 
wiring on buildings was prohibited by the National Un- 
derwriters Code, but Mr. Jansen said that they usually 


did better work than was required by the Underwriters, 


using higher grade wire, etc., but that in certain cases 
open wirifig in buildings was preferred. It seemed to be 
the consensus of opinion that special wiring for all port- 
able or localized lights in machine shops should be elim- 
inated. 


Ball Bearings. 


Mr. Sloan (P. R. R.) then read the report of the Sub- 
Committee on Ball Bearings as published in the October 
issue of the Railway Electrical Engineer. 

Mr. F. H. Poor (S. K. F. Ball Bearing Co.) said that 
although ball bearings were comparatively new in Car 
Lighting, they have long been on the market in service 
equally if not more sever than that of the axle generators. 
Ball bearings are now made with extreme accuracy in 
tact variation of 4 to 6—10,000 of an in. are now guar- 
anteed. He said that ball bearing manufacturers had 
miuch experience in railway and automobile work on 
machines of extremely heavy duty and under all kinds. 
cf speed conditions. He said that many ball bearings 
have been in service on axle generators for more than a 
year without any replacement whatsoever. 

Mr. J. R. Sloan (P. R. R.) pointed out the importance 
of standardizing ball bearings before a larger number of 
various types and sizes had been purchased by railroads. 
Tt will become necessary to carry only a stock for one 
or two different types of bearings. He said that all the 
ball bearing manufacturers can furnish the 412 size 
bearing as recommended by the Committee, which will 
have standard outside dimensions. 

President Frost then asked what would likely happen 
if a ball broke. Mr. J. R. Sloan said there had been one 
such case of trouble on the Pennsylvania recently which 
required re-winding of the armature and new fields. To 
offset this, however, he pointed out the fact that similar 
trouble from worn bearings and hot boxes where the 
plain types bearings are used are not at all unusual. Mr. 
Sloan said that in June 1911 they equipped a number of 
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these generators with the 412 size bearings and are all 
in service yet. 

Mr. E. S. McNab (C. P. R.) said that they have been 
operating generators of the Stone system with ball bear- 
ings for the past four years. They now have 120 equip- 
ped and between 30 and 60 of them have been running 
over three years. He said that they have had only two 
eases of failure due to bearing trouble in all that time. 
Some of the machines have run for several months with- 
out lubrication. He said that the bearings they use are 
mounted on a sleeve which is held on the shaft by means 
of two locks and nuts. 
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was, however, largely an accomodation on the shaft. 
Where it is possible to securely lock the ball race on 
the shaft, it is to be prefered to the other arrange- 
ment. Here you have the ball bearing fitting true on the 
axle itself while if a sleeve is used there are two fits to 
make and a liability of error much greater. 

Mr. Sloan pointed out that while it is possible to make 
the bearing at the pulley end a press fit on the armature 
shaft, it is practically impossible to do so on both ends. 
This would require the internal diameter of the armature 
spider be large enough to slip over the inner ball race 
pressed on the shaft and as this would be too large for 
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Mr. J. D. Younger (I. C.) said that he considered it 
rather unwise to attempt to standardize ball bearings 
when we have had practically no experience with them. 
He suggested that it would be better to try out various 
sizes and to determine which one would give the best 
results. 

In reply Mr. Sloan (P. R. R.) said that when the 
size of bearing came up for consideration by the Com- 
mittee, one member thought the 409 reasonably large 
enough while another considered 410 more desirable. 
The ball bearing manufacturers recommended 411. On 
the advice of one of the railroad companies that had 
been operating many of the 412 size for over a year and 
had had no failure with them, the Committee finally 
agreed on the 412 size. 

Mr. Hutchison asked if the bearing could not be 
simply slipped on the shaft in a close fit and keyed in 
position instead of being pressed on with a press fit as 
recommended. 

Mr. F. H. Poor said in reply, no ball bearing should 
have a key-way cut into it. These bearings are made 
with extreme accuracy and the offset in eccentricity of 
the key-way bore would damage the bearing seriously in 
short time, and as to the matter of mounting the ball 
bearing directly on the shaft or on a sleeve he said that 
some people might feel that the sleeve was more readily 
taken off. In any case ball bearings must be securely 
locked on the sleeve or on the shaft. Ball Bearings are 
made of such very hard material that when subjected 
to sudden shocks or severe loads that quite frequently 
tend to peen on the shaft or sleeve on which they are 
mounted. If mounted on a sleeve, the armature shaft is 
in no way injured but if mounted directly on the shaft 
the replacement is not so easily made. He said that it 
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good generator design it becomes necessary to mount the 
bearing at the commutator end on the sleeve. Mr. Sloan 
pointed out that in making this report, the Committee is 
not actually recommending ball bearings for use in car 
lighting, it merely recommends that where bearings are 
used they shall conform to the report of the Committee. 

Mr. K. Langnickel of the Norma Company, suggested 
that roller bearings be included in this report. Mr. Sloan 
stated that the Committee was originally appointed to 
report on ball bearings; they did not object to roller 
bearings, but they had simply followed the original in- 
structions. If roller bearings can be made of the same 
capacity and dimensions as ball bearings recommended 
he said, this recommendation would apply to roller bear- 
ings as well as ball bearings. 

Mr. W. L. Batt (Hess-Bright Mfg. Co.) said that 
most of the roller bearings are made in what are called 
“annular” sizes and moved an amendment that the re- 
‘ort read “ball bearings or roller bearings in annular 
sizes.’ This amendment was carried and the report re- 
ferred to letter ballot and. amended. 


WEDNESDAY .MORNING SESSION. 


The report of the Committee on Improvements was 
read by Mr. H. C. Meloy and at the conclusion, Mr. 
Meloy stated that most of the Improvements therein 
referred to, were shown in the Exhibit Hall. Mr. Meloy 
briefly outlined the work of the Committee stating that 
a complete canvass of over 250 different manufacturers 
nad been made with circular letters, in some cases four 
different letters, and personal or telephone calls were 
made by various members of the Committee. Mr. L. 
S. Billau asked if there were any ampere hour meters 
now in service.in connection with axle generators. He 
Chicago 
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requested some views from the various members on using 
ampere hour meters for the control of the battery and 
discharge. 

Mr. Edward Wray, of the Railway Electrical Engineer, 
said that the resistor type meter as mentioned in this re- 
port is of very recent developement, in fact the first con- 
signment of 200 to the P. R. R., has just gone into serv- 
ice. He said however, that with this new type meter it 
becomes possible to contro! the charge which the storage 
battery of an axle equipment receives, on the ampere 
hour basis. He said that ampere hour principle of 
control was considered by many battery experts as being 
fully as reliable as the specific gravity indication itself. 

Mr. Edward Wray stated that he had been requested 
by the Consolidated Company to announce that their gen- 
erators can be equipped with ball bearings as well as 
plain bearings just as other generators mentioned in 
this report are. 

Train Lighting Practice. 

The report of the committee on Train Lighting Prac- 
tice as published in the October number of the Railway 
Electrical Engineer was then read by Mr. F. E. Hutchi- 
son, Chairman.’,;Mr..C. R. Gilman «(C. M.-& St:3P.) 
stated that they had worked out a battery charge system 
for their head end trains in which the battery is charged 
independent of the lamp circuit. Connections are made 
in the dynamo car of all three of the train lines and the 
rear loop at the end of the train pulled out. All the 
batteries in the train are on one circuit and the lamps 
on another with a common conductor, A hand resist- 
ance is placed in the lamp circuit which makes it possible 
to maintain constant lamp voltage while the generator 
voltage may rise to any desired value in charging batter- 
ies. As to the drop in lamp voltage at the rear of the 
train due to the fact that lamps are then operating on a 
two wire circuit, Mr. Gilman said that this was found 
to be not more than 3% ona 10 car train. The electrician 
can read separately the lamp and battery current and 
battery voltage so that he has a pretty good idea what 
the batteries are doing. 

Mr. John M. Craig (P. R. R.) raised a question in re- 
gard to the statement made by the committee that two 
men can take care of 15 cars per day exclusive of bat- 
teries and shop work. Mr. Hutchinson, Chairman, of 
the Committee explained that it is the result of long 
experience on their road that two men can look after 
the inspection of regulators and dynamos of 15 cars per 
day of 10 hours. 

Mr. Frost (Santa Fe) said that the number of cars 
assigned per man will depend entirely on the work per- 
formed at that station. If the cars are on local runs of 
a short distance in which the car is in the yard every 
day and comparatively few men will handle a larger 
number of cars. He stated that at the Los Angeles ter- 
minal they had a large amount of locai ocean service. 
‘60 departures per day were here taken care of by 
6 men, whereas, at the Chicago terminal where there is 
no local service it requires 13 men to handle 33 depart- 
ures per day. He pointed out that in Chicago however, 
they take care of-all battery washing, overhauling ma- 
chines, transferring the equipments from one car to an- 
‘other, etc., so it is evident that it is hardly fair to make 
any statement as to. the number of cars inspected per 
tnan at any terminal unless the general conditions are 
known. He stated that the average, including inspec- 
tion both enroute and at terminals, shop repairs, battery 
and generator repairs, etc., is about 13 cars to each man 
on the entire system. Mr. D. J.. Cartwright (L. V.) 
‘stated that he had investigated these conditions on a 
number of various railroads and found an average of 
approximately 10 cars per man. 
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Mr. E. M. Cutting (So. Pac.) asked for some inform- 
ation relative to arrangements for handling Pullman cars, 
He said that on some of their cars the Pullman Com- 
pany did all the work and billed the railroad company 
on a basis of $3.00 per thousand car miles. . 

Mr. L. S. Billau (B. & O.) said that where they oper- 
ated Pullman cars they were equipped straight storage 
or head end system, the Pullman Company maintained 
all their own axle lighted cars. At certain points where 
the number of cars do not justify the Pullman 
Co., placing any man there, the company does 
the work and bills them for it. They also have an 
understanding that if any trouble is found by any rail- 
toad inspector he will make emergency repairs and the 
Pullman Company receives bill to cover. As to 
failure Mr. Billau said that they did not have any 
system of penalty, but he thought that this was a de- 
sirable policy as it would undoubtedly improve service. 


Brake Beam Troubles. 

Mr. C. R. Gilman (C. M. & St. P.) called attention to 
the editorial on “Brake Beam Troubles” published in the 
October issue of the Railway Electrical Engineer and 
said that he considered that the recomendation made in 
that editorial was very desirable and one which should 
receive the consideration of the Association at this time. 
This recommendation was to the effect that the brake 
beams be transferred so as to bear on the opposite side 
of the car wheel, thus eliminating the trouble from the 
belt rubbing against the brake beam; it would also make 
it possible to obtain proper generator clearance. 

Mr. L. S. Billau, (B. & O.) pointed out that the axle 


generator is one of the latest devices added to a pass- 


enger car. Both truck and car body had been practically 
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developed to their present state before axle generators 
were installed, so it has rather been a case of 


the axle generator accommodating itself to the truck 
rather than the truck being accommodated to meet the > 


requirements of the axle generator. He said that one 


subject given the M. C. B. Train Lighting Committee for _ 
investigation is the standard design of axle dynamo sus- | 


pension. He said that the committee is going into the 
matter in a very broad way and will treat all phases of 


it. He said that he thought it would be very proper for | 


our Committee on Standards to get information together 
and make recommendations which would be available 


to the M. C, B. Committee. 


Mr. E. S. Nab (C. P. R.) stated: that the Canadian | 
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Pacific have adopted a standard 6 wheel truck on which 
there is no end sill on either end of truck. The brake 
beam is placed on the inside of the wheels at the end 
on which the generator is suspended. 

Mr. D. J. Cartwright (L. V.) said that he did not 
agree with the recommendation of the committee in re- 
gard to placing the generator on the forward truck of a 
car on through trains which always ran in the same direc- 
tion. He said that in the winter time there would be a 
tendency for the snow to collect on the generator and 
make the best slip. 


Battery Boxes. 


Mr. Cartwright stated that they were applying steel 
battery boxes on all wooden equipment. They are plac- 
ing a 1” hard pine floor in the bottom of the box and 
painting the inside with ordinary engine black. These 
cars have been in service for approximately a year and 
no trouble has developed yet. He stated that with Edi- 
son batteries the 5 cell trays were desirable as these 
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made a convenient unit, 25 cells of Edison batteries re- 
placing 16 cells of lead. 

_ Mr. Gilman asked Mr. Cartwright what the idea was 
in using steel batteries on wooden cars; wooden battery 
boxes are considered cheaper and far superior in the 
matter of grounds, etc. 

_ Mr. Cartwright said that the main idea in using the 
steel box was to protect the body of the car from fire in 
case of short circuit or other arcing troubles. 

- Mr. Gilman pointed out that where the recommenda- 
tion of the Committee on Standards yyere followed in 
placing all wire in conduit, the trouble from fire was 
very remote. 


The Nickel Iron Cell. 

As to methods of determining the condition of charge 
of a nickel iron cell, Mr. D. J. Cartwright stated that 
this might be done in three ways. First, note the vol- 
tage after all lights have been on for 5 or 10 minutes; 
Second, by means of a goose neck arrangement which 
makes it possible to count the bubbles emitted from any 
certain cell from which knowing the discharge rate, the 
per cent of capacity remains in the battery may be made 
hy referring to a chart; third, by the means of the am- 
pere hour meter. : 

Mr. H. G. Thompson of the Edison Storage Battery 
Company stated that the only accurate way of measur- 
ing charge is the ampere hour metliod, but that the vol- 
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tage indication might be safely used to a fair degree of 
accuracy. 

The voltage of any battery depends on its discharge: 
rate. He said that a 4 or 5 minute discharge would be 
sufficient to dispose of any peak voltage which might 
exist and the voltage indication would then give a fair 
idea of the condition of the battery. He said that this 
rnethod was used quite extensively with electrical ve- 
hicle works. 

Battery Trays. 
The committee recommend that the trays be put to- 


Exhibit of the Holophane Works of the G, E. Co. 


cether with white lead at the joints, that oak be avoided 
as material for constructing trays. 

President Frost said he considered oak one of the: 
poorest woods for this purpose as it absorbs acid very 
readily and unless some special preservative of unusual 
quality is used, the wood will go to pieces in a short time. 

Mr. H. G. Thompson stated that hard maple will take: 
an impregnation of acid resisting paint better than oak. 
He said that pine would not however, because it is too 
sappy. He said that experiments have shown that paint 
could be made to enter farther into hard maple than 
into oak. 

Mr. Gilman stated that there seemed to be an organic 
acid contained in the oak which attacked the lead lining 
of the tank. 

Mr. J. R. Sloan (P. R. R.) stated that they had sub- 
mitted this question to the chief forester and chief chem- 
ist of the P. R. R. recently and obtained the advice that 
there are two varieties of oak which were suitable for 
this service but it takes an expert lumberman to deter- 
mine whether we are getting one of these two kinds or 
one of the many other varieties of oak. He stated that 
the recommendation was that either.of these two kinds. 
of oak was the most serviceable wood for this purpose. 

President Frost stated that it was their practice to use 
vellow pine for battery trays. The wood is thoroughly 
dryed then dipped into very hot parafin which soaks 
deeply into the wood; this is then dipped into a much 
cooler bath of parafin and beeswax. This makes quite 
a thick coating and he stated that they have had battery 
trays remain in service for 5 years and still be in fairly 
good condiion. Where the parafin and beeswax are 
employed no painting is required. He stated they had 
used hard rubber jars exclusively and have found it 
good practice to have the tops of the jars to project about 
34," above the tops of the wooden trays. This seems to 
prevent seepage of acid over the top which is the cause 
of trays going to pieces so rapidly at this point. 
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WEDNESDAY AFTERNOON SESSION. 
Shop Practice. 

Mr. George W. Cravens read the report of the Com- 
mittee on. Shop Practice as published in the October 
issue of the Railway Electrical Engineer. In discussing 
the report Mr. L. S. Billau (B. & O.) stated that they had 
found it cheaper and to give more reliable operation 
where the current is purchased from a central station. 
This seemed to be the general opinion of most of the 
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men present. An interesting discussion of the subject 
of electric welding seemed to indicate that while the 
oxyacteylene system might have advantages in cutting 
metal the electric arc process was undoubtedly superior 
for patching and other repairs. 

Mr. Ashley E. Peck then read his interesting paper 
on the application of steam turbines for railway shop 
work which is given herewith. 


Small Steam Turbines in Railway Shop Work 


By W. J. A. London and Ashley P. Peck. 


Practically all the numerous and exhaustive papers 
that have been published on the subject of Steam Tur- 
bines have dealt with the larger units, and the authors 
wish at the outset to emphasize the fact that there is a 
marked difference between the field and requirements of 
the larger machines than those comprising the smaller 
units. 

A few interesting papers have been written, devoted 
entirely to small turbines, but the limitations of’ tnis 
type of machine with regard to its commercial efficiency, 
as distinguished from its steam efficiency is a subject on 
which there has been very little discussion, and in writ- 
ing this paper the authors had in mind that the opinion 
of engineers actually buying or operating such machinery 
would prove at this time of exceptional value, not only 
to the builder of such machines, but to the purchaser 
as well. 

In large steam turbine work, the question of efficiency 
is of paramount importance and this factor is the basis 
of all designs. The machine is developed to obtain this 
maximum efficiency under the given conditions, and no 
reasonable expense is spared to attain this end. In 
other words, the designer, while naturally building his 
machine as cheap as possible, must not consider expense 
in construction if any cheaper design would affect. the 
efficiency to the smallest degree. 

The designers of small steam turbines are confronted 
with an entirely different proposition. In order to ful- 
fill the requirements of the market, these machines must 
be made in quantities. Furthermore, they must be made, 
on the one hand, to sell as cheaply as possible, and on 
the other hand, to meet certain efficiency guarantees. 
In some cases a machine will be sold on its water rate 
efficiency. In other cases steam efficiency is of no con- 
sequence, and in a case like this, the machine is obvi- 
ously sold on design or price, but however, we must 
understand that a standard frame must fill both the 
requirements. . 

The duties which the small steam turbines are now 
called upon to perform, demand at the outset absolute 
reliability, so that the question of efficiency must not be 
considered at the expense of reliability and cost. 

It is a mistake to assume that the average thermal 
efficiency of, say, 40% to 45%, which is now obtained 
with small turbines operating with standard conditions, 
is the maximum possible for this type of machine. There 
is no reason at all why small machines cannot be built 
to approach the thermal efficiency obtained on larger 
machines of 65% to 70%, but up to the present time this 
efficiency has not been demanded, nor (and this is more 
important) has the customer been willing to pay for it: 
and furthermore, we think we will be able to show that 
there is no necessity for such an efficiency. The theory 
of the steam turbine is no longer the mystery it was 
ten or even five years ago, it being well-known that the 
various makes of small steam turbines are of the im- 


pulse type, as this lends itself better to compact design 
—which is the prime feature of all small turbines. In 
the impulse type (so-called) the steam is expanded in 
a nozzle or jet end the Kinetic Energy of this jet is 
absorbed by passing one or more times through the 
buckets of the turbine rotor. The efficiency obtainable 


by a certain design is no longer guess work and the two 


factors governing this efficiency are well known to be, 
first, peripheral speed, and secondly, number’ of stages 
or passes of the steam through the buckets of the rotor. 

Small impulse steam turbines may be classed under 
two general types, single stage and multi-stage. In the 
single stage type, the steam may pass from the jets once 
through the buckets and thence out, or in the multi-veloc- 
ity single stage type, the steam may reverse and re-enter 
the rotor two or more times, its velocity energy being 
extracted successively with each reversal. . 


In the multi-stage turbine, the steam is expanded suc- 


cessively through two or more single or multi-velocity 
stages, imparting to each stage a portion of its energy 
during expansion. 

It has been demonstrated that with turbines of the 
single stage type, employing the multi-velocity stage 
principle, the maximum thermal efficiency is obtainable 
with only two reversals; in other words, the wheel rim 
velocity must be substantially one-quarter of the steam 
velocity. It has also been demonstrated by Professor 
Stumpf and others that an efficiency of 60% to 65%, can 
be obtained on a single wheel. A single stage machine 
running non-condensing, with a wheel 2’ in diameter 
running at 2500 R. P. M. employing about three or four 
reversals will give an efficiency of 40%. The same tur- 
bine to give, say, 60% efficiency would have a wheel 4.5 
ft. in diameter. Experience has shown that the cost 
of small turbines follows very closely the square of the 
diameter. In other words, a 100 H. P. machine de- 
signed for 40% efficiency, would sell for approximately 


one-fifth of the cost of a turbine of the same H. P.° 


developing 60% thermal efficiency. 

Another thing to consider is the fact that in the highly 
efficient turbine, the wheel stresses alone would be 5 
times those in the commercial type of machine. 

Again, considering the case of a multi-stage machine. 
Here we have the number of stages varying inversely as 
the square of the velocity per stage. In other words, a 
turbine operating under duplicate conditions to those 
mentioned, and having a thermal efficiency of 40% would 
have about five stages. To obtain the 60%, it would re- 
quire 25 stages, giving a difference in cost practically 
equal to that mentioned above for the single-stage ma- 
chine. 
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The above shows that whichever way we take it and — 


whatever type of a machine is used, efficiency can only 
be obtained at the expense of first cost. 


decide on a higher priced machine with a better water 


In large tur- 
bines it can be easily shown why a customer should 
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ate; for instance, with a 5000 K. W. machine and a 
steam consumption of 16 pounds per K. W. if that con- 
sumption were only 15 lbs. per K. W. and assuming a 
10% investment on his money, he could afford to pay 
$36,000 extra. 

That this argument does not hold good with the smal- 
ler units is easily demonstrated. Take, for instance, a 
_ 50 K. W. generator set, the water rate of this machine 
being, say, 60 Ibs. per K. W. One lb. saving in steam 
consumption on this unit should raise the price approxi- 
mately 15%. 

The above points are brought out with the object of 
showing that while efficiency in small turbine units is 
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is placed in the basement where electrical leaks ar lia- 
ble to cause serious injury. 

As an approved form of prime-mover for generators 
for power and light in shops, factories, etc., and for 
head-end lighting, the turbine now occupies an important 
position. It is compact, requiring small floor space, sim- 
ple in construction—requiring but little attention and 
practically no adjustments during long periods of opera- 
tion and has an almost negligable maintenance cost. The 
lubrication is entirely automatic, being of the ring-oiling 
or forced feed type. 

A marked advantage of the steam turbine from the 
reciprocating engine, where the exhaust steam from 


Visit to Burnside Shops. 


often discussed by the purchaser as being of vital import- 
ance, when it comes to buying the machine he is not con- 
sistent. Of course, if the price is the same and the water 
rate is better in one than in the other, he will naturally 
favor the more efficient machine, but does he bear in 
mind that higher efficiency can only be obtained at the 
expense of reliability? In single stage machines, the 
larger the wheel the greater the duties on the bearings, 
also the increased liability of distortion. In the multi- 
_ stage machine, the more stages we have, the more inter- 
nal glands we have. 

Considering first the application of small steam tur- 
bines for driving auxiliaries in large power plants, sucn 
as exciters, boiler-feed, circulating and hot well pumps, 
it is now acknowledged standard practice in up-to-date 
power houses to run the auxiliaries by steam and to run 
these machines non-condensing, exhausting into feed 
‘water heaters. A heat balance will show that in the 
average power house, the exhaust from the auxiliaries 
can all be taken care of in the feed w#ter heater, so that 
the steam economy proper in the smaller unit itself is of 
no great importance. The steam turbine is therefore 
being adopted more and more for auxiliary drive only 
because of its many obvious advantages. The increased 
use of superheated steam and the troubles that are ex- 
perienced with same in small reciprocating engines is 
‘one of the main reasons for the rapid progress made by 
turbine driven auxiliaries. Again, the growing tendency 
to reduce station costs by the employment of cheap 
labor, necessitates apparatus that is simple and “fool 
proof.” The turbine resembles the electric motor in its 
simplicity—the lubrication and attendance being about 
the same, whereas the marked advantage of having the 
source of power taken direct from the boiler instead of 
through any intermediate source naturally has many ad- 
vantages over the electric motor, especially when same 
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A stop in the Power Plant with Turbines in the Foreground, * 


same is required for: manufacturing purposes, lies in the 
fact, that the steam turbine delivers to the Exhaust 
System, absolutely clean steam, without any cylinder oil 
contained therein, as in the case of the reciprocating en- 
gine and without the necessity and uncertainties of so- 
called oil extractors in the exhaust lines. . 

Another feature in favor of the steam turbine, is the 
remarkable maintained efficiency of the turbine, as com- 
pared with reciprocating engines. The steam _ tur- 
bine will hold its original efficiency for long periods, as 
there is no appreciable wear on the buckets or jets, 
therefore, no change in shape, while the reciprocating 
engine depends for obtaining its guaranteed water rate, 
upon a minimum fiction loss and absolutely steam tight 
valves. 

That up to date station engineers appreciate that relia- 
bility of their auxiliary apparatus is of infinitely more 
importance than the individual unit efficiency, cannot be 
better demonstrated than by citing several up-to-date 
stations where steam turbines are used for driving such 
apparatus as circulating pumps, the speed of which: is 
away below that of even reasonably efficient conditions. 

Several modern stations are now equipped with small 
turbines operating at no higher speed than 1000 R. P. 
M. and in one instance a turbine is installed for pump 
work at as low a speed as 550 R. P. M. This last ma- 
chine has a water rate of 65.6 lbs. as against 26.7 lbs. 
(per B. H. P.) that would be expected from a recipro- 
cating engine. There is obviously only one reason why 
turbines were installed in these stations, and that is, 
their absolute reliability. 

We are all inclined, in looking through a power house, 
to consider the apparatus in the following order of their 
importance; the main generators, the boilers, and lastly, 
the boiler feed pumps. We never give the matter a 
thought that if the boiler feed pumps go out of com- 
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mission, the whole plant would be shut down. Again, 
take the question of condenser pumps. If these go out 
of order, on a 5000 K. W. machine and the machine 
switches over to atmosphere, the coal consumption is in- 
creased about 3% tons per hour. 


In street railway work the duty often called upon by 
both the main units and the whole plant is probably the 
most severe of any power equipment. Particularly in 
the electrification of tunnels we find installations where 
the load will vary from zero to 3000 K. W. at one jump. 
Imagine the effect of this on the boilers. Experience has 
shown that the dangers due to water hammer can be 
practically ignored in turbine machinery. The govern- 
ing of both large and small steam turbines has been so 
perfected during the last few years, that it is an undis- 
puted fact that the turbine is much better suited for 
sudden changes of load than any other equivalent piece 
of apparatus. 

The abuse that small turbines will stand is often en- 
ough to surprise even the designer. We remember an 
instance in one of the largest power houses in the coun- 
try of seeing a hot well turbine pump in a small pit be- 
low the base of the floor. This pit was flooded abso- 
lutely up to the top, turbine and pump being entirely 
immersed. The machine was running along as if noth- 
ing had happened and our attention was drawn to the 
fact that there was a machine underneath the level of 
the water only by the surging action of the water on 
the surface. 

It is still believed by many engineers that the water 
rates actually obtained on small turbines are much high- 
er than those obtained on reciprocating engines of equal 
power, and it has occurred to us that the above argu- 
ments depreciating the importance of efficiency might 
be taken as an acknowledgment of this fact. It is cer- 
tainly true that in some cases a small reciprocating en- 
gine can beat the turbine, but in the majority of cases 
it must be morne in mind that reciprocating engine 
guarantees are generally given in pounds of steam per 
indicated horse power. This at best is indefinite, and 
we all know that the depreciation and consequent im- 
pairment of efficiency in a reciprocating engine is very 
much more rapid than is the case with steam turbines. 

As compared with reciprocating steam engines, oper- 
ating non-condensing or condensing, the greater econ- 
omy in steam in the engine, is usually unquestioned, 
but it is obtained with a greater investment, more atten- 
tion, more floor space, higher maintenance cost and less 
reliability in a reciprocating engine than in a turbine. 

Take for instance, a railway shop, where exhaust 
steam is required the year around for drying purposes 
and during the winter months for heating, the very 
economy of the reciprocating engine makes the necessity 
for the use of live steam from boilers at times or con- 
tinuously to meet the demands for heating or drying. 
Maximum efficiency does not always mean low water 
rate in the prime mover, but is an over-all item. 

It may be interesting at this time to analyze a com- 
parison between non-condensing reciprocating engine 
driven and turbine driven generators, rated at 100 K. 
W. normal true energy suitable for a raitway shop power 
equipment. Assume in each case, a pressure at throttle 
of 125 lbs. and an average back pressure at engine or 
turbine exhaust of 3 lbs., sixty cycle alternating current 
is used. The engine would be of the simple single or 
four-valve type operating at 277 or 200 R. P. M., res- 
pectively, and the turbine at 3600 R. P. M. 

The water rate of a brand-new simple single valve 
engine could be taken at full load as 28 lbs., and of the 
four-valve at ?4 lbs., per indicated H. P. Correcting 
this for the 9 Ibs. back pressure and assuming a mechan- 
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ical efficiency of 91% in each case gives us a water rate 
per Brake H. P. of 32.4 lbs. and 28 lbs. respectively. 
Assuming a full-load generator efficiency over-all includ- 
ing friction and windage of an operating P. F. of 80%, 
of 93% and 91.6% respectively, we have an approximate 
water rate per K. W. hour for the single valve, of 46.6 | 
Ibs. and for the four-valve of 41 Ibs. . 

The turbine water rate per B. H. P. is 31.75 lbs. at 
free atmospheric exhaust and with 3 !bs. back pressure 
this goes to 34:2 lbs. 

A 125 K. V.A. two-pole 3600 R. P.M. A.C. turbo- 
alternator of good design will test to 88% efficiency at 
full load and 80% power factor. This gives a water rate 
per K. W. hour for the unit of 52.2 lbs. 

In this typical comparison, it is noted that the single 
valve reciprocating engine, operating under similar con- 
ditions to a steam turbine, will develop an over-all water 
rate efficiency 5.6 lbs. per K. W. hour at full-load better 
than the turbine, and the four-valve water rate will ex- 
ceed that of a turbine approximately 11.2 lbs. per K. 
W. hour at full-load. 

This saving is an important consideration were there 
to be no uses for the exhaust steam, which is not: the 
case in railway shop practice, as the exhaust from the 
prime movers, but rarely goes to atmosphere. 

In boiler feed pump work it is very difficult to obtain 
any information bearing on the actual water rates ob- 
tained with reciprocating pumps. The best information 
at our disposal is the series of tests that were carefully 
carried out on board the U. S. Scout Cruisers Birming- 
ham, Chester and Salem, which are tabulated below, and 
in the same table is shown the figures obtainable from 
turbine pumps, which shows an advantage in favor of | 
the turbine pump of about 31.2%. 

Water Rates of Small Turbines 


Birmingham 183 6 329 488 83.0 61.8 2005 

Saleme ae 203 6 §193 690s ore 61.2 33.6 

Chester ....187 617 219" 61010Ro 64.0 34.6 
275.8 187.0 937% 

AVETAPOW? >). ee. «2 ern ee 91.9 62.45" Sie 


With reference to the general subject of steam con- 
sumption, and the absurd statements that are sometimes 
made that a small turbine is passing, say, twice as much 
steam as it ought to, it may be interesting to review the 
principal governing steam consumption in small tur- 
bines with special application to Napier’s simple formula. 

WPA 


70 


where 


W=—Weight of steam per second; 
P= Absolute steam pressure; 
A=Area of orifice in square inches; 


for the flow of steam through nozzles cannot be used 
to greater commercial advantage than it is at the pres- 
ent time. This well-known formula has been proven so 
many times to be approximately correct that it is a pity 
that it is not more extensively used to compute the steanr 
consumption. The majority of small turbines now oper- 
ate with a terminal pressure at the jet about 0.58 of tne 
initial pressure, so that this formula can be readily ap- 
plied to any machine and the steam consumption deter- 
mined by a gauge in the steam ring. 

The maker could be called upon to give the number 
and size of the jets, and in this way an instantaneous 
reading could be taken showing the amount of steafr 
passing at any one time. If this were done, less claims 
would be made that a turbine is passing a greater amount 
of steam than the makers claim for it. 
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By a slight modification of the constant 70 in Napier’s 
formula for various jets, figures can be obtained as 
accurate as is possible by actual measurement. In a 
series of tests carried out on a certain machine in seven 
readings with a ring pressure carrying from 40 to 150 
pounds, the minimum discrepancy between the calcu- 
lated and the actual results was 1.3 per cent. and the 
mean over all the readings, 0.443 per cent. 

The actual figures obtainable on test and those calcu- 
lated are as follows: 


Napier’s Actual PersCent: 

Formula Tests Variation 
2,028 2,043.6 0.8 
1,264 1,248.0 1.3 
1,935 1,934.0 0.0 
2,625 2,638.0 0.4 
1,905 1,906.0 0.0 
3,047 3,066.0 0.6 
Bese 2272) 0.0 
3.1 

ea O VRE Huts sti’ 5 2 0.443 


In view of the fact that this paper is prepared with 

special reference to railway shop work, the subject of 
condensing steam turbines has been touched on but light- 
ly, as we understand that almost universally power equip- 
ments for railway shops are operating non-condensing in 
view of the many uses for the exhaust steam. 
' The steam turbine like the air brake, the steel rail- 
way coach, the locomotive super-heater and other im- 
provements of recent years in railroad practice, has suc- 
ceeded in breaking down the traditional conservatism 
which marks “something new” in all mechanical under- 
takings and this fact is not surprising when it is recalled 
that the first type of steam engine dating back to a cent- 
ury before the Christian Era ,was nothing more or less 
than a steam turbine. The rapid introduction and com- 
mercial success of the large power turbine units in com- 
mon use today, rendered the introduction of the small 
turbine, but natural in every way, and as a substitute 
for a reciprocating engine it has an assured and promi- 
nent position. 


Discussion of Paper on Steam Turbines. 


In discussing this paper Mr. Willard Doud (I. C.) 
stated that before installing exhaust steam turbines at 
their Burnside Shops, 11 boilers had been worked to 
full capacity. With two exhaust steam turbines, how- 
ever, they have been able to operate the shop with 8 
boilers each with an increasing demand for power. He 
stated that in one new roundhouse they have installed 
a hot water system in which a centrifugal pump is em- 
ployed for circulating the water. The latent heat of 
steam is utilized by the hot water sysfém. In this way 
it is possible to operate the exhaust steam turbine at a 
comparatively low vacuum even in rather cold weather. 

On being asked for further information regarding 
low pressure turbines, Mr. Peck stated that on account 
of the low pressure employed the turbine must be de- 
signed to pass an enormous volume of steam. He said 
although exhaust steam turbines might be in some cases 
used to a very great advantage, each problem must be 
given very careful consideration. He stated however, 
that he thought the load curve of a railroad shop would 
be favorable to use of the exhaust steam turbine. 

Mr. C. H. Quinn (Norfolk & Western) stated that 
they have had a 500 k. w. turbine in service for ap- 
proximately six years. This now gives a water economy 
at the switch board including all losses of the vacuum 
pump exciter of 16.8 lbs. per h. p. hr. 
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Mr. Douglas (General Electric Co.) stated that the 
problem of the railroad shop installation is a rather pe- 
culiar one, as so much steam is required in the winter 
time for heating purposes. With low pressure turbines 
it may be possible to obtain a good efficiency in the sum- 
mer time but this economy during perhaps 6 months of 
the year must be figured against the entire turbine in- 
vestment. He stated however, there was a turbine on 
the market known as the Bleeder type which has 
an opening so that steam may be taken out after it has 
passed about half way through the turbine. The amount 
of steam thus tapped off for heating purposes can be 
regulated at will, in fact in the winter time the steam 
may be tapped off at sufficiently high pressure for the 
heating system and the turbine run noncondensing. He 
said that this turbine seems to meet the railroad problem 
fairly well. 

On being asked why the exhaust steam turbine oper- 
ated so much better on low pressure than the reciprocat- . 
ing engine, does, Mr. Douglas stated that at the low 
pressure of 26 to 28 in. of vacuum, the steam is of 
such immense volume that it is difficult to build cylin- 
ders large enough to handle it economically. He pointed 
out that steam at 28 in. vacuum is of twice the volume 
it is at 29 in., and at 26 in., it is twice the volume of 
28 in., approximately; in other words a steam engine 
designed to utilize steam down to 28 in., vacuum must 
have cylinders of twice the volume of the engine de- 
signed for 26 in., vacuum. It is practically impossible 
to work at such low values with the reciprocating en- 
gine whereas the steam turbine meets the situation beau- 
tifully. He also pointed out that there is as much en-. 
ergy given out by the steam in expanding from atmos- 
phere down to 20 in., of vacuum as there is from 100 
pounds down to atmosphere. He stated that an engine 
can develop say 50% of the available power between the 
pressure of 150 pounds and atmosphere but can de- 
velop only 25% of the available power from atmosphere 
to vacuum while a turbine can develop easily 60% of 
the available power from atmosphere down. The ad- 
vantage of the exhaust steam turbine are at once evi- 
dent. 

A vote of thanks was extended to Mr. Peck for his 
excellent paper. 

Mr. B. F. Fisher, Jr., of the Westinghouse Laimp 
Company then read his paper on industrial lighting as 
follows: 


Industrial Plant Lighting. 
bake hishers |i. 


In this day of the efficiency engineer and the system 
doctor, when railroads are told they are now wasting 
millions which can be saved, and our conservation com- 
missions tell us that we waste enough in energy and 
resources to run a tidy little nation, it causes one to 
wonder what energy or resource we should save at the 
expense of the others. , 

It must be borne in mind that energy and resource 
must be expended to obtain any desired result, and, he 
who can best expend this energy and obtain the greatest 
result makes the greater sticcess of his undertakings. 

It should be the aim in any industrial plant to have 
every machine work at its maximum capacity and at its 
highest efficiency, especially that most complex of all 
pieces of apparatus—the human mind. 

There are few. if any, machines in industrial plants 
which are not dependent on the action of the human 
mind for their output, not on account of their develop- 
ment, but to keep them in operation, and in recent years 
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great strides have been made on many lines to increase 
the efficiency at which the human mind operates. 

Laws have been enacted in many states, and, common 
practice in others which equals an enactnient, require 
-that employees should work in well ventilated, sanitary, 
clean quarters, that certain conveniences should be pro- 
vided for the bodily comfort, that a comfortable temi- 
perature should be maintained at all times, that the 
hours of continuous work shall not exceed a certain 
number, that the air which the employee breathes shall 
be changed a number times an hour, that the plumbing 
shall be installed in certain ways. 

These laws and customs are good and are based on 
the theory of increasing the efficiency at which the hu- 
man mind and human hand operates, but I know of no 
law nor common practice requiring that employees be 
provided with proper illumination to enable them to do 
their work at the greatest efficiency, and I believe there 
is no element affecting the efficiency of the human mind 
to a greater extent than the lack of proper illumination. 

Many plants are lighted in such a way that the em- 
ployee cannot see to do his work without straining to 
the extreme the organs of vision and but few plants are 
so illuminated that a large part of them are not gloomy, 
both of which conditions tend to reduce the efficiency 
of the human mind. 

Many plants are said to be well lighted and it is true 
that they have ample light in them if this light were 
properly located, directed and protected, but from a 
study of a great many of these plants it is apparent that 
the architect or the owner called in a contractor or a 
wireman and told him to wire the building for lights, 
leaving the entire question of location, control and 
equipment to the judgment of the workman. 

Owners and architects are just commencing to realize 
that the arrangement of the lights as to location, mount- 
ing heights, reflectors to use, method of utilizing the 
light and method of control, are subjects worthy of as 
careful analyses, planning and execution as were the 
plans for the heating, ventilating, plumbing or any other 
essential system, or, the arrangement of machinery and 
the method of handling material. 

Few realized until recently that a reasonable amount 
of careful planning of the lighting system to give the 
proper illumination would be met by an abundant return 
in the way of increased quality and increased quantity 
of production. 

All factories, shops and other industrial plants if 
operated on a reasonably efficient basis, will have to 
operate at times when natural light will be insufficient 
for the work to be done and in any large plant a means 
of artificial illumination will be essential at all times in 
some departments and in all departments some of the 
time. 


There are many lighting schemes from which the de- 
sired illumination can be obtained. By lighting scheme, 
I mean, source of light. The scheme to be adopted will 
depend on local conditions, the character of the work to 
be done, the convenience desired, the construction of 
the plant and in some cases it may depend on the size of 
the purse, because up to the present time in almost all 
plants the necessary illumination has been the last thing 
considered and on many occasions it has been a case of 
“cutting the suit to fit the cloth” because the purse 
would not permit otherwise. 

There are three general light sources which can be 
used in industrial plants, mineral oil with its limited ap- 
plication, gas with a slightly broader application and 
electricity which the broadest application of any light 
source known at present, and while it is not intended to 
infer that mineral oil or gas should be rejected in all 
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cases, because they have their proper application, I will 
confine myself to electricity as a light source. : 

Electricity as a light source can be utilized through 
the medium of comparatively low candle power incan- 
descent lamps which can be made in units from a frac- 
tion of a candle power to units of 400 or 500, or even 
greater candle power. The smaller units requiring volt- 
ages somewhat lower than the voltages usually found in 
industrial plants, but all sizes of lamps are capable of 
being utilized in these plants. 

Then there is the arc lamp which is made in units 
from approximately 200 candle power to 2000 or 3000 
candle power, and last but not least, there is the glow 
lamps or tube lamps, such as the mercury vapor lamp 
and the Moore tube, in sizes from approximately 200 
candle power to several thousand. Each of these elec- 
trical units has its own application and in many cases 
all of them can be used to advantage in the same large 
installation and it is necessary in studying the illumina- 
tion problem for an industrial plant to take into consi- 
deration the advantages and disadvantages of each 
source of light, their merits weighed and a decision ar- 
rived at more by the process of illumination than other- 
wise. 

In taking up a problem of industrial plant lighting, 
the method of procedure which appears logical to the 
writer is to analyze the plans of the plant. Each illu- 
mination project requiring a complete set of plans, 
whether it be for a new building or an old one. These 
plans do not have to be elaborate works of art, but they 
should contain complete information as to floor space, 
the use of the floor space, the ceiling heights, the con- 
struction of the ceiling, the character of the work to be 
done, whether work will be carried on when daylight 
and artificial light will be required at the same time, due 
to the inadequacy of the daylight and the approximate 
number of hours under artificial light work is required. 
Plans giving this information in an entirely suitable form 
can be very simple. With these plans the work to be 
performed in each department should be carefully 
analyzed to determine on the requirements as to illumi- 
nation. Will all of the light be thrown vertically down- 
ward or will the maximum amount of light be wanted 
in a horizontal direction or at an angle. After these 
requirements have been established as accurately as pos- 
sizle without a practical demonstration, the total lumens 
required to furnish the illumination can be calculated 
within a reasonable degree of accuracy by the foot can- 
dle method. 


With the approximate total lumens necessary known, 
we can then determine on the most satisfactory method 
of generating these lumens and the units to be used. 
Will the prime source of light be oil, gas or electricity? 
If the latter, what kind of lamp will be used and of 
what capacity? If the area to be illuminated is large, 
the ceilings high and the illumination wanted on the hori- 
zontal plane with no objection to shadows, then are 
lamps or high capacity incandescent lamps with good 
reflectors can be used to advantage. 


If the ceiling heights are moderate, the arc lamps may 
come into the direct range of vision, the illumination 
would be irregular unless an excessive number of lamps 
were used and the dense sharp shadows if arc lamps 
are spaced a sufficient distance apart to keep the “avef- 
age illumination” normal.may prove objectionable and 
smaller incandescent lamps or mercury vapor lamps- 
may give the best results. rte 


If the ceilings are low, the smaller incandescent lamps 
and the mercury vapor lamps will probably give the 
best results. 


Mi iene, 12. 


J . 
_ If the work to be done ts large and coarse, where sharp 
shadows and irregular illumination are not objectionable, 
arc lamps spaced well apart could be used, whereas, if 
the work were fine requiring close and constant atten- 
tion and a uniform illumination with few and soft sha- 
dows, if any, then incandescent lamps spaced close or 
metcury vapor lamps should be used. 

If the lamps have to be located in the direct range of 
vision then the size of the lamp should be reduced to a 
minimum and all lamps should be provided with reflec- 
tors which will completely screen the lamp from sight 
and at the same time directs the light where desired. 

In all cases if the maximum efficiency is to be obtained 
from the lamp, reflectors will have to be used to redi- 
rect the light and in all cases the bright light source 
must be covered by reflectors to prevent glare and to 
protect the operators from the fatiguing effect of sharp 
contrast and direct light in the eyes. 

Having decided on electricity and the kind of lamp 
to use the next thing is the size of lamp and the spacing 
and in all cases the one will depend upon the others. 

In calculating the number of outlets and the size lamp 
to use, the lamp should be the largest size possible to 
obtain the desired results, because the larger the lamp 
the fewer the outlets, the more simple and less expensive 
the wiring, but the more difficult the control. The 
smaller the lamp the greater number required, the closer 
the spacing, the wiring is more expensive, the control is 
more simple, the light can be more uniformly distributed 
and shadows eliminated. 

Good judgment and experience must therefore be the 
guide in selecting the size lamp unless the construction 
of the ceiling makes a given number of outlets impera- 
tive when the size of lamp will depend on the number 
of outlets. 

The size of the lamp selected should not require a 
spacing so great that the uniformity of the illumination 
is sacrificed. It is frequently better economy to use a 
smaller size lamp spaced sufficiently close to give a good 
uniform illumination without dark spots or sharp sha- 
dows and illuminating both the work and the surround- 
ing floor area so tools, material and parts can be easily 
seen no matter where placed. 

Where the ceiling construction does not determine the 
number of outlets, the size unit can be selected by find- 
ing which commercial unit will supply the required num- 
ber of lumens by a satisfactory number of units. It is 
in this selection where the best judgment can be shown. 

The size units determined upon the location of outlets 
is simple and outlets should be arranged so they will be 
symmetrical with the ceiling construction and so the 
outlets nearest the side walls are spaced sufficiently close 
to the wall to prevent dark corners and make available 

for work every foot of floor space. n 

Each outlet should be clearly indicated on the plan 
with the size lamp, the arrangement of circuits and 
method of control indicated so that the wireman will 
have no trouble in knowing just what is wanted, a bill 
of material and estimate of costs is always a great as- 

sistance, especially if you wish the material purchased 
to be installed by your own employees. 

Up to this point we have used the foot candle or the 
watt per square foot method of calculation and it should 
be borne in mind that this method of calculation is sim- 
ply an indication of what is required and what is desir- 
able, and from this point on real illumination engineer- 
ing will be essential. With the number of outlets and 
the approximate unit per outlet determined upon, it 
then becomes necessary to determine the equipment of 
the unit for the outlet, its mounting height, etc., and it 
is in this determination where the real skill of the illu- 
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minating engineer will be shown and in some cases to 
obtain the very best results possible, it may be necessary 
to put in several demonstration installations, that is, 
take several sections of the area to be illuminated and 
equip the outlets in each section in a different manner 
and then determine from the decision of the employees 
which method of illumination is the best adapted to the 
needs of the entire department. 


As a general rule, however, this will not be necessary 
as the selection of mounting height and reflectors are 
dependent on whether all of the light is wanted in a ver- 
tically downward direction or a large percentage of the 
light is wanted at an angle or horizontally. If the light 
should be downward it is well to suspend the lamps as 
high as possible and get the desired distribution of light 
with the reflectors suitable, and as the quantity of light 
at an angle or horizontally increases the mounting 
height should be decreased and the type or reflector 
changed. 


Nearly all reflectors come within one of three general 
groups. The focusing, those giving the maximum light 
with 10 or 15 degrees of the axis, the concentrator or 
intensive, those giving the maximum light between 15 
and 30 degrees from the axis and the distributor or ex- 
tensive, those giving the maximum light between 30 
and 45 degrees from the axis. 


With a spacing and mounting height suitable for a 
concentrating or intensive type of a reflector, the distri- 
buting or extensive type would give a slightly lower illu- 
mination intensity directly under the lamp, the illumina- 
tion would be fairly even but a much greater amount 
of light would be thrown out at an angle whereas if the 
focusing reflector were used the light directly under the 
lamp would be greatly increased with comparatively 
iargé areas of low illumination intensity around this 
bright spot with little or no light at an angle. 


The mounting height and type of reflector can there- 
fore be changed to obtain any desired distribution of 
illumination but when results are obtained in this way 
it is always well to check back and see that the illumin- 
ation intensity has not been excessively reduced. 

In selecting a reflector due consideration should be 
given to the gloomy appearance of ceilings when opaque 
reflectors are used and the benefits derived from the 
presence of bright, cheerful ceiling, which can be obtained 
by using reflectors which transmit a small percentage of 
the light falling on their surfaces; also due consideration 
should be given to a reasonable diffusion or breaking up 
of the direction in which light rays fall on the work 
to prevent glare. 

A reflector easily cleaned and not easily broken 
should always be selected because they have to be re- 
moved and cleaned frequently and experience shows that 
the best grade glass reflectors are entirely suitable for 
this purpose. 

The reflectors and the mounting heights for each 
outlet should be indicated on the plans so the wireman 
knows what has to be done. 

It is not only necessary to prepare such plans, but 
it is essential that work of installation be carefully su- 
pervised and checked to see that there is no departure 
from the plans and in cases where departures are neces- 
sary on account of the lighting unit located too near 
running shafts, pulleys or belts, or too near beams, 
girders or sprinkler systems. The departure from the 
plan should always be taken up with the Illuminating 
Engineer to see that the illumination results are not 
seriously affected by the changes suggested or so the 
change can be compensated for. 

In many good layouts, the final results.obtained have 
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proven unsatisfactory on account of unintelligent de- 


partures from the plans. 

After the work has been installed it should be borne 
in mind that it will require careful and continued atten- 
tion to see that lamps and reflectors are kept renewed 
and properly cleaned, because the efficiency of any 
lighting system will be greatly reduced if dirt and dust 
is allowed to accumulate on the lamps or reflectors. 
Regular inspection and cleaning are therefore essential 
if satisfactory results are to be obtained. 

By providing adequate general illumination, the need 
of local or special illumination is reduced to a minimum 
and where local illumination is essential it should be 
provided with a lamp of the smallest candle power capa- 
city for the work required,—these lamps should be pro- 
tected by opaque reflectors to protect the employees 
eyes and where posible the lamp should be mounted 
in a permanent position on the machine to prevent loss of 
time in arranging the light. Local lighting is always 
special and each case should be treated separately de- 
pending on the machine and operation. 

There are several fundamentals which should be 
borne in mind in planning any illumination system for 
an industrial plant. 

In any industrial plant some means of working in the 
hours of darkness is essential and the difference in cost 
for an inadequate method and an entirely satisfactory 
method is usually a comparatively low percentage of 
the cost for the inadequate method. 

In planning an illumination system for an industrial 
plant, it is essential that the light source be so located 
and protected that the tendency to accumulate dust and 
dirt is not above the average. 

Light sources should be located where they are easy of 
access for renewal and cleaning. Light sources should 
be arranged so the direct rays of light from the lamp 
cannot enter the eye of employees. 

When ceilings are high, larger units spaced at greater 
distances can be used without detriment, but when ceil- 
ings are low, the size of the units should be reduced be- 
cause the distribution of light with low mounting heights 
is materially better from smaller units than from larger, 
and the harmful bombardment effect from smaller units 
is not nearly so great as from the larger units. 

Circuits should be so located and controlled .that 
those lights which are required first can be turned on 
the remainder and to obtain this it is necessary to have 
the circuit near the windows controlled separately from 
those in the centre of the rooms. 

When artificial light is to be used with natural light 
as in dark parts of the works, or on gloomy days, late 
‘mornings and early evenings the artificial illumination 
must be excessive during the period when natural light 
is present in order to see comfortably. 

A well lighted industrial plant will have less accidents 
than a poorly lighted plant so that proper illumination 
is an insurance against accidents. 


The cost of a good lighting system is relatively low 
as compared with the cost of the building and equipment 
and as the building and equipment must be operated at 
maximum efficiency it is essential that the illumination 
system will provide for this. 

The cost of operating the illumination system in an 
industrial plant is but a small percentage of the cost of 
labor or the value of the products produced. Therefore, 
the saving of a little time of the employees, a slight in- 
crease in quality or quantity of the output or, a slight 
reduction in the wastage due to spoiled material will 
more than offset the cost of operating the illuminating 
system. In one large industrial company it is estimated 
that the total cost of lighting for a month is paid for by 
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saving six minutes of the employees time during the 
month, 

In the construction of a new plant the proper wiring 
and control for the illumination system can be easily 
provided ‘for, but in the remodeling of an old plant the 
installation of the illuminating system is not so simple 
and in many cases on account of economy in wiring it 
is essential that wiring and the light sources be located 
on the bottom of beams and girders which does not 
always give the best distribution of light possible to ob- 
tain, but if the proper size units and reflectors are de- 
termined upon, even these adverse conditions can be 
overcome. In some few cases it may be possible to run 
the mains below the girders and locate the light source 
in the bays of the ceiling between the girders and when 
this is done care should be exercised to see that the light 
sources are suspended sufficiently low that the girders 
do not cast objectionable shadows. 

While it is not essential, it is well to give the light 
source the protection of a flexible method of suspension 
and with incandescent lamps this can be readily done 
by suspending the light source on a short piece of flex- 
ible cord which does not of necessity have to exceed 
three or four inches in length and then support the 
weight of the reflector on two or three short chains ex- 
tending from the ceiling to the shade holder. 

Too much emphasis cannot be laid on the necessity of 
keeping all lamps and reflectors renewed and thoroughly 
cleaned. The accumulation of dust or dirt greatly re- 
duces the efficiency of the lighting unit and this dirt 
should be removed by a periodic thorough scrubbing 
with soap, brush and good hot water. 

The circuits for lighting should always be independent . 
from the power circuits and should be arranged to keep 
the line losses to a minimum under maximum load so the 
regulation of the illumination can be maintained within 
reasonable limits. 

On account of the latenéss of the hour it was im- 
possible to discuss Mr. Fisher’s paper, however, a vote 
of thanks was extended to him. 


THURSDAY MORNING SESSION. 


Mr. J. R. Sloan read the report of the Committee of 
Specifications as published in the October issue of the 
Railway Electrical Engineer. 

Lamps. 

Mr. Henry Schroeder (General Electric Co.) said 
that bulbs for 40 and 60 watt lamps shown as G—30, 
G—40 have been changed to G—25 and G—30. 

Mr. B. F. Fisher (Westinghouse Lamp Co.) gave 4 
lengthy discussion of the report and he stated that the 
Committee had done such excellent work that all rail- 
roads are fully justified in adopting it as a standard spe- 
cification for lamps. After a rather lengthy discussion 
of the report by various members it was referred to 
letter ballot. 
Wire. 

Mr. W. A. Del Mar (P. R. R.) then read the repors 
on wire as published in the October issue of the Railway 
Electrical Engineer. 

Mr. F. J. White of the Okonite Company pointed out 
a slight discrepency in the thickness in the insulation 
called for is the minimum required by the National 
Underwriters for 600 volt service for this specification 
applies to volts as high as 750. 

Mr. F. J. White objected to paragraph 12 A, 12 - 
and 12 D. 

Mr. J. R. Sloan stated that Mr. White’s chiection 
was well taken and upon motion this paragraph was 
amended by adding the words “If such report is apa 
proved.” 


i: 1912. 


' Mr. J. R. Sloan moved that a transcript of the re- 
marks and criticisms be supplied the committee and that 
an attempt be made to incorporate with this report, as 
an appendix, the report of the Rubber Conference Com- 
mittee on rubber compounds. The meeting then ad- 
journed. 

W. A. Delmar. (Communicated) : 

It may be of interest to hear a few words of ex- 
planation of Table III, which gives the high potential 
tests. 

If the dielectric extended between two flat plates, the 
high potential test which would puncture it would be 
proportional to the distance between the plates. Where, 
however, the diaelectric is between two concentric cyl- 
inders, as in the case of an insulated conductor the elec- 
tric stress becomes greater at the surface of the con- 
ductor, than elsewhere, its magnitude being expressed 
by the following equation. 

V = K d log D where V = puncture potential, kilo- 
volts. d = diameter of conductor, D = diameter of 
insulated conductor, over the insulation.: 

K =a constant depending upon the dielectric strength 
and some numerical factors depending upon the system 
of units, logarithms, etc. 

Plotted against d, for a given thickness of insulation 
this equation gives a curve of the form shown dotted in 
the accompanying figure. This curve is, however, not 
available for practical use because a portion of the in- 
. sulation is always rendered useless by the following cir- 
cumstances. 

1. Eccentric laying of insulation. 

2. Reduction of thickness on outside of bends. 

3. Irregularities due to crinkling of tape, etc. 

4. Irregular form of conductors, especially if strand- 


ed. 
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Diagram of High Potential Tests. 


_-It.is therefore necessary to amend the formula given 
above so as to allow for the above mentioned loss of 
insulation. It then becomes— : 
V-= K d log D — 2e — d, where e is the useless 
thickness of insulation. The four full line curves in 
the accompanying figure are graphs of this equation 
down to the sloping line. To the left of the sloping line, 
the above equation does not apply. This fact was dis- 
covered and proved by Mr. W. J. Middleton, a member 
of our Committee, and we therefore call the sloping 
lines, the “Middleton Line.” This line passes through 
the points where D — d = 2.72.. The formula which 
applies to the points to the left of the Middleton line 
was suggested by Prof. Alexander Russel, reformulated 
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by Mr. Middleton and proved by him from a large num- 
ber of observations and tests. It is as follows: 


V = C (D — 2e), where C is a constant.’ The 


_ values of the constants K and C were selected so as to 


submit the insulation to a testing stress not over one- 
fifth of the breakdown stress of high grade commercial 
compounds. 


THURSDAY AFTERNOON SESSION. 


Car Lighting Belt. 

The report by the committee for rubber belting for 

axle generators was then read by Mr. L. S. Billau. 
_ Mr. George B. Colgrove stated that after a thorough 
investigation the Illinois Central have adopted 4 ply 
belting as standard and are getting fairly better life 
than from the 5 ply belting previously used. 

President Frost corroborated Mr. Colgrove’s results 
stating that he had found that 5 ply belting was more 
apt to break at the belt clamps than the 4 ply. 

Mr. C. M. Woodruff (Goodrich Rubber Co.) stated 
that it would require a fairly high grade belt to meet this 
specification. Mr. Woodruff pointed out that placing 
a badge plate every nine feet would involve consider- 
able expense and a great deal of trouble and as the 
plate must be 1/32 in., in relief it would mean that there 
would be little if any pressure applied at this point dur- 
ing vulcanizing. This would cause weak spots in the 
belt. He suggested that if the badge plate were neces- 
sary it be specified that it shall be merely legible in- 
stead of standing out in bold relief. 

Mr. J. R. Sloan stated that the only idea in having 
a badge plate was to identify each and every helt ap- 
plied. It was suggested that this be made as an amend- 
ment to the committee report. 

Mir). Rheysloans GP. Re Re je stateds that! this! is\ the 
first attempt ever made by consumers to draw up a spe- 
cification for belting and he suggested that members 
of this Association should procure belting some time 
during the coming year manufactured under these speci- 
fications and compare the service obtained from that 
belting and the belting which they buy on the open mar- 
ket. This information could then be given to this Com- 
mittee which he recommended be continued for another 
year. A motion that a report of the committee be laid 
on the table was carried. 


Standards. 

Mr. D. J. Cartwright read the report of the Committee 
on Standards as published in the October issue of the 
Railway Electrical Engineer. He stated that as a mem- 
ber of the Train Lighting Committee of the M. C. B. 
Association, he would request recommendations from 
this Association in regard to following points: Ist, 
standard design for straight axles carrying axle pulleys, 
2nd. standard design for axle dynamo suspension, 3rd. 
standard design for battery boxes, 4th. recommendation 
as to the practice of maintenance of repairs of storage 
batteries. 

Upon motion the new Committee on Standards was in- 
structed to. draw up a letter recovering these subjects 
and forward a copy of such letter to the representative 
to each of the various roads represented in this Associ- 
ation, in plenty of time so that a final statement could 
be made to the M. C. B. Association before their June 
Convention. Se 

Mr. L. S. Billau suggested that the new Committee on 
Standards be instructed to take up the matter of stand- 


ardizing the relative position between the filament of the 


lamp and the reflector. . 
Mr. W. A. Del Mar (N. Y. C.) suggested that the 
Committee on Standards be instructed to make a recom- 
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mendaion on standard forms for specifications, arrange- 


ment of headings, paragraphs, etc. The report of the 


committee was then accepted. 
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Manufacturing Company then gave his paper on railway 
trunk line electrification. 


Trunk Line Electrification 


N. W. Storer. 


It has been said that the delivery of transportation 
is the business of all railways. The source of the ag ie 
required for this work is one of, if not the most, 
portant elements that combine to produce this oleae 
For many years the steam locomotive had absolutely no 
rival. It had a complete monopoly of the business and, 
like some other monopolies, it lacked the incentive of 
competition. Since the electric locomotive entered the 
field, however, there appears to have been a great awak- 
ening among steam locomotive designers which has 
delayed practically all electrification work, and possibly 
has prevented, for many years at least, the electrification 
of most steam railways. The improvements in the steam 
locomotive, such as mechanical stokers, super-heaters, 
smoke consumers, etc., have lead to the production of 
the enormous units that are now standard. These great 
machines have produced such excellent results that the 
electric locomotive has no longer such comparative ad- 
vantages as were apparent even ten years ago; and, 
while I believe that the electrification of a large part of 
our railways is certain to be accomplished at some time. 
I also believe that the improvements in steam locomo- 
tives have removed the crying necessity for it, except in 
special instances, and that it would be a great mistake to 
compel the railways to electrify too rapidly. It would 


be far better for them to study the subject with the . 


greatest care, finally to unite on the best system, and 
then proceed with electrification in places where there 
will be distinct economic advantages. In the electrifica- 
tion of the railways, in large cities especially, it is of 
the utmost importance that the railways should unite 
and give every plan the most careful consideration be- 
fore starting the actual work. While this will delay 
matters for a while, it will be to the ultimate advantage, 
not only of the railways, but of the public and the manu- 
facturing companies as well. 


The manufacturing companies have done a tremend- 
ous amount of work in developing the various systems 
of electrification, and in the design of electric locomo- 
tives. They have learned many things about locomotives 
and in addition have come to a realizing sense of the 
fact that ten years ago they “knew some things that 
were not so.” They have found that the low center of 
gravity in the electric locomotive, which was character- 
istic of the early types of electric locomotives, instead 
of being an advantage, is a decided disadvantage. They 
have also found that the fact that an electric motor de- 
velops its power by rotation does not necessarily make 
it easy for it to turn the wheels of a locomotive. It has 
been recognized for some years that one of the greatest, 
if not the greatest, problem in the electric locomotive 
is the transmission of the torque of the motor to the 
driving wheels. 

It looks at first sight as if that would be a particularly 
simple thing to do, but when all the problems connected 
with it are considered, it rises to enormous proportions. 
There have been a great many combinations proposed and 
quite a large number of different types have been built 
and are now in operation, but there are few transmission 
systems that are absolutely satisfactory from all points 
of view. 


In this respect, as in most others, every design is a 
compromise among the conflicting elements, not simply 
in the locomotive itself, but on the roadbed and shop as. 
well. We recognize that, in proportion as a locomotive 
is built up around one idea in its design, it will be dis- 
torted, and other things will be neglected. We there- 
fore realize more and more all the time the necessity for 
a careful study of the entire problem of railroading to 
enable us to produce the best type of locomotive. In 
this the heavier railway electrification is entirely ana- 
logous to that of the development of street railways. 
The early forms of railway motors and controllers were 
designed, to a great extent, in the laboratory, and it is: 
surprising how little the designers really knew about 
what they were trying to do; but as time went on they 
became more imbued with the spirit of the operating 
man and they more and more got in touch with operating 
men and with the problem in general, and from the con- 
stant association with those men and the study of the 
problem right in the field, they have developed the 
street railway motors and controllers to their present 
high state of perfection. The same plan must be fol- 
lowed in connection with the electrification of railways. 
In the last analysis, all must agree that the best locomo-- 
tive is the one that will deliver the transportation re- 
quired of it with the lowest sum total of expense. This 
of course must include not simply the first cost and cost 
of maintenance and depreciation of the locomotive it- 
self, but the first cost and cost of maintenance, deprecia- 
tion and operation of the entire installation from power 
house to roadbed. It is because there is so little definite 
and reliable information on all these various subjects 
that there are so many different opinions concerning the 
systems of electrification and the proper design of loco- 
motive. 


It is my purpose to present to you a number of differ- 
ent designs of locomotives through the medium of lan- 
tern slides, and to describe briefly the several advantages 
attributed to each one of them. I do not claim that the 
list is complete, but it is sufficiently so to illustrate prac- 
tically all the existing types. 


I take it for granted that every one is familiar with the 
standard type of single reduction geared street car motor, 
which has one side carried by the truck and the other 
carried on the carried by the truck and the other carried 
on the car axle and has the power transmitted from the 
motor armature through a pinion to the gear which is. 
keyed to the axle. The type of transmission has been 


eminently satisfactory for street car service, but the 


difficulties connected with it have increased enormously 
as power of motors and speeds have increased, until 
today it is generally believed to be poor practice to gear 
locomotive motors directly to the axles except for slow 
speed work. Several reasons have contributed to this 
belief : 

(1.) The gears are subject to severe punishment 
when run at high speeds when rigidly connecting so 
much inertia as is contained in the wheels and armatures, 
and to still greater shocks from the roadbed. We havé 
learned that in the operation of high speed railways using 
single cars or multiple unit trains, there has always beer 
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more or less trouble from gears as soon as the speeds 
get up around fifty and sixty miles an hour. When 
such speeds are reached, the gears and armature both suf- 
- fer, and there is always a very great increase in the cost 

of operation, especially if the track is poor. We have 
even found that the motor on one axle is subject to 
worse punishment than on the other. The trailing axle 
has the pinion of the motor pushing downward on the 
gear teeth, and the other axle has it pushing upward. 
The motor whose pinion is driving downward usually 
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locomotive that will have a reasonable cost of mainten- 
ance, and at the same time, be a good riding machine; 
that is, one that will do the least possible damage to the 
track. 

There are several general types of high speel locomo- 
tives; 

(1) Those with motor armatures mounted rigidly 
on a driving axle. That is the type known as the New 
York Central type. 

(2). Those with motors mounted on a quill surround- 
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Electric Locomotive Equipped with Scotch Yoke. 


suffers much worse both in gears and in the armature 
windings, due to the blows that it gets from the roadbed. 
The wheel strikes a depression in the track that will sud- 
denly lift the wheel as it climbs out, and it gives a direct 
shock to the teeth of the gear, that tends to retard the 
whole armature. This makes the gears for heavy high 
speed work unreliable, when mounted on axles. 

(2) The dead weight of the motor on the axle, and 
its low center gravity, contribute to serious injury to the 
track when operated at high speeds. Chiefly, for these 
reasons, the speed of most locomotives, having heavy 
motors geared directly to the axles, is limited to about 30 
M. P. H. Some locomotives of this type have been built 
for higher speeds, but practically none having motors 
larger than those used on heavy passenger cars has been 
used. 

This grand type of locomotive is comparatively simple, 
cheap and easy to maintain, but when the design of a 
locomotive for high speed service is considered, the 
problems to be solved are many and difficult, and the 
solutions that have been offered are almost as numerous. 
It is of course an easy matter to design motors that are 
sufficiently large and powerful to equip any locomotive 
that is desired, so that that question need not enter into 
the matter to any extent. The big question is, how to 
connect the motors to the driving wheels so as to give a 


ing the axle. That is the type of the original New Haven 
passenger locomotives. 

(3) The motor geared to quill surrounding axles, and 
connected to wheels through long helical springs. That 
is the latest type of locomotive of the New York, New 
Haven and Hartford, and the Boston & Maine Railways. 
Such a locomotive was on exhibition here two weeks 
ago at the electric railway convention. 
~ (4) Motors mounted in the cab and driving through 
a jack shaft and a system of parallel rods. That is the 
type adopted by the Pennsylvania Railroad. 

(5) Motors mounted low between frames and coti- 
uected to the drivers through a Scotch yoke. That is the 
type of the Italian three phase locomotive. 

(6) Motors connected to the wheels by some com- 
bination of gears and side rods. That is the type used in 
the Loetschberg Tunnel in Switzerland, and the Midi 
Railway in France. 

The first type named may be called an example of a 
!ocomotive built around one idea, namely, that of mount- 
ing the armature of the motor directly on the axle, and 
building the motor field into the truck frame so as to 
do away with all motor bearings. It is a scheme that is 
ideal in its simplicity, and it is not surprising that the 
N. Y. C. R. R. desired to use it. However, it-is well 
known that the locomotives have never been considered 
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as successful high speed machines, ‘on account of the 
tendency to nosing, which destroys the track. A great 
many steam locomotives have some tendency to nosing, 
but it is not serious, as the mass of the locomotive is 
located so high above the rail that the wheels may fol- 
low any irregularities in the track without disturbing the 
mass of the locomotive, and consequently, with the mini- 
mum of strain on the rails. This type of electric loco- 
motive has an extremely low center of gravity, so that 
it is quick to feel the irregularities in the track, and syn- 
chronous vibrations are very easily set up. A great deal 
has been done to eliminate this defect, but the efforts 
have been only partially successful. 

The second type mentioned—that having the motor 
mounted on a quill surrounding the axles and connected 
through springs, is open to some of the same objections 
as the first type. This also has a low center of gravity, 
although considerably higher than the first type, but all 
weight is spring-supported so that the track does not 
get a direct blow. The original New Haven locomotives 
nosed badly at high speeds, but were entirely cured by 
the addition of an idle axle at each end of the locomotive 
and a toothed cam centering device between the cab and 
the trucks. These locomotives now exhibit absolutely 
no tendency to nose at even the highest speeds—/75 to 80 
M. P. H.—where formerly they nosed at 50 to 60 M. 
P. H. However, even with the motors carried by 
springs, the track is liable to damage unless it is kept in 
good surface. 

The third type,—having motors mounted above and 
geared to quills surrounding the axles, is one of the 
latest developments, and the New Haven locomotives 
of this type are the easiest riding electric locomotives 
that have ever been built. Mounting the motors rigid- 
ly on the trucks, above the axles and gearing down to 
the quills, of course raises the center of gravity very 
considerably. Then the long helical springs connecting 
the quills to the driving wheels permit the axles and 
journal boxes to move a total vertical distance of 3 inches 
in the pedestal jaws, without the quills touching the 
axles. Thus the wheels are free to follow the inequal- 
ities of the track without disturbing the mass of the 
locomotive, and consequently with the least possible 
damage to the track. The arrangement of wheels shown 
in figure, combined with the distribution of weight and 
the drive, entirely prevents nosing, and the secondary 
springs transmitting the weight of the cab to the trucks 
through the large surface plates prevents the transmis- 
sion of vibration from the truck frame to the cab and 
makes the cab ride like a Pullman car. 

This type of locomotive has been built, both with a 
single motor per axle, and with twin motors of the same 
total capacity per axle. After building a number of the 
former, whose motors were so large as to require double 
gears, it was found that the same output could be ob- 
tained, with less weight and less cost, but substituting 
two motors for the one large one. This arrangement 
has the following advantages : _ 

(1) Only-one gear is required, as both motors drive 
through the same gear. 

(2) ‘The two motors are lighter and easier to handle, 
-and cheaper to maintain than the large one. 

(3) The motors in this case are interchangeable, 
except field castings, with the motors used on the New 
Haven multiple unit cars. 

(4) Two motors being connected permanently in 
series gives in effect one motor of double voltage and 
consequently half current. This reduces the carrying 
requirements of cables and switches to one-half, and 
thus makes a substantial saving in the cost of control 
equipment. 
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The gears on any of these locomotives have never 
given a moment’s trouble. The spring drive removes 
the bad effects of the impact of the teeth when operat- 
ing at a high speed, so that it is anticipated that the gear 
speed may be much higher than that of the ordinary 
gears mounted directly on the axles. 

Gears mounted directly on the axles, when properly 
lubricated, usually wear out more than the impact of 
the teeth than from friction, Therefore, in avoiding 
the face of the impact by driving through springs, the 
life will be greatly increased. The efficiency of such 
great (rive iseveGyeticl) sane 

While these locomotives are now built for single phase 
operation, they would have practically the same advant- 
ages on direct current. The twin motor scheme adapts 
itself well to high voltage D. C. operation. 

The fourth type of locomotive—that with motors 
mounted high up in the cab and connected to drive 
wheels through cranks, parallel rods and jack shaft, is 
the type adopted by the Pennsylvania Railroad for the 
New York Terminal. They have a very high center of 
gravity, and, although the weight on driving axle is 
about 56,000 Ibs. and the springs are consequently stiff, 
the locomotive has excellent riding qualities, correspond- 
ing to the best steam locomotives. There is absolutely 
no tendency to nosing, and no bad effects on the track. 
These locomotives are the most powerful electric loco- — 
motives ever built, and have shown themselves to be 
wonderfully reliable, having a record for the first year 
with 33 locomotives in series of 13 train minutes delay, 
chargeable to the locomotives. They have a guaranteed 
tractive effort of 60,000 Ibs. and have actually developed — 
over 75,000 lbs. at the draw bar. This corresponds to 


.a crack-pin pressure of over 100,000 Ibs. Of course, the 
“normal pressure on crank pins 1s not nearly so high, 


but it is sufficient to impose strains on the jack-shaft 
bearings that are very hard to hold. The strains on the 
jack-shaft bearings are worse than reciprocating—there 
is scarcely any neutral zone there, because of the com- 
bination of strains imposed upon it by the motor rods 
and driving wheel rods acting at an angle of about 45° 
from each other. This angle, however, is much to be 
preferred to the vertical motor rods adopted for the first 
locomotives built for the German State Railways. These 
were practically failures, and we understand that future 
locomotives will have motor rods arranged similarly to 
those of the Pennsylvania. It has been found that loco- 
motives of this type require very careful adjustment to 
maintain the shafts parallel and properly centered and 
quartered. 

The use of side rods on an electric locomotive intro- 
duces some different problems from those found in the 
steam locomotive. As there are no reciprocating parts, 
such as piston rods, the parts are susceptible to perfect 
balance, which is usually impossible in the steam locomo- 
tive. The rods must be very much larger than for corres- 
ponding steam locomotives, because the entire power has 
to be transmitted through one set of pins and rods at 
certain points in the revolution, while the steam engine 
transmits the power from only one cylinder. The steam 
engine has another advantage in that the main rods on 
the two sides of the locomotive are connected to loose 
ends, while the rods on the two sides of the electric, 
are connected to opposite ends of the motor shaft, as 
well as the jack shaft, which introduces a great many 
chances for inaccurate workmanship in quartering and 
tramming and consequent knocking in the pins and. bear- 
ings. This has been the case with practically every ‘one 
of this type that has been built. Nevertheless it is the 
type that is preferred by many railway men for high 
speed work, and will probably be used a great deal on 
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account of the similarity to the steam locomotive, both 
in design and performance. 

The fifth type of locomotive—that employing the 
Scotch yoke for transmitting the power from the motors 
to the driving axles, has been used exclusively for the 
three phase locomotives on the Italian state railways. 
The first ones have been in service some 10 to 12 years 
in the Valtellini line, and have given excellent results. 
The later ones, some 35 in number, have been used about 
two years on the Giovi line near Genoa. These machines 
have some excellent qualities——light weight, powerful 
motors, and motor weight entirely spring supported. 

They have, however, been used only in slow and mod- 
erate speed service, so their performance at high speeds 
remain to be proven. 

These locomotives also require very accurate adjust- 
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the driving axles, consequently the problems connected 
with tramming and quartering, and with bearings, are 
reduced to a minimum. In some respects this design is 
superior to either straight geared (gears on axles) or 
straight side rod types, and it is probable that a good 
many locomotives with gears and side rods will be built. 

The twin motors may be used here, thus reducing the 
gears to the lowest number, or the smallest width of 
face. 

In the foregoing pages, but little has been said about 
the electrical features of the locomotives, and nothing at 
all concerning the suitability of different electrical sys- 
tems for railway electrification. As a matter of fact, 
any of the types of locomotives described, except the 
New York Central type, might be equipped with appar- 
atus for any of the known systems, 


Running 


ment, although not so close as the one with side rods and 
jack shafts, as the Scotch yoke drives one axle through a 
sliding block and the others through parallel rods con- 
nected to the yoke by knuckle pins. Spherical crank and 
knuckle pins are largely used with this type of drive. 

The sixth and last type mentioned, is the one driving 
the locomotive through a combination of gears and side 
tods, or gears and Scotch yokes. A number of such 
locomotives have been built, the most notable being the 
one built for the Loetschberg Tunnel in Switzerland, 
and for the Midi Railway in France. The former has 
two 1000 H. P. motors, each connected by a helical tooth 
gear to a jack shaft, which is slightly above the driving 
axles, and thence by parallel rods, to three pairs of driv- 
ing wheels. Although the motor speed is extremely high, 
the gears operate practically noiseless and with high effi- 
ciency. The duty on the jack shaft bearings is much 
easier than when side rods only are used, since the recip- 
Tocating pressures are practically all,,in a horizontal 
direction, and can therefore be cared for much more 
easily. The Midi locomotive, built by the Societe 
Anonyme Westinghouse, has two motors, each geared toa 
jack shaft through gears located outside the plate frames 
of the locomotive. The jack shafts are connected to the 
drive wheels through Scotch yokes like the Italian loco- 
motive. Either of these types has a fairly high center 
of gravity and is therefore susceptible of a design that 
will have excellent riding qualities. While either loco- 
motive is subject to criticism for having both gears and 
side rods, it must be admitted that the arrangements for 
both are such as to give the best results. 

The motors, and everything else, being located above 
the springs, the duty of the gears is less severe than if 
they were mounted on the axles; consequently they 


should have a long life. The jackd shafts for side rod . 


drive should be located in the same horizontal plane as 
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The New York Central type is suitable for direct cur- 
rent only. The New York, New Haven & Hartford 
locomotives of both types described are operated with 
single phase alternating current motors on both A. C. and 
D. C. circuits. The Pennsylvania locomotive is for direct 
current, but locomotives of similar type are built in Ger- 
many for single phase lines. The Italian locomotives 
are all for 3-phase operation. The combination gear and 
side rod locomotives named are both equipped for single 
phase operation. 

While most of these locomotives are equipped with 
alternating current motors, this is true only because it has 
been believed that alternating current is better suited for 
heavy trunk line electrification, and therefore most of the 
heavy locomotives have been designed on that basis. 

If the choice of system rested only on the locomotive, 
undoubtedly the standard 600 volt D. C. system would 
be chosen in the large majority of cases as being the 
simplest and best adapted for the work, but for the elec- 
trification of a trunk line, this is an economic impossi- 
bility. It is impossible because the low voltage requires 
too great an expenditure for substations and gives a low 
efficiency except in a traffic which gives a good load 
factor. It is possible only with a third rail system, on 
account of the enormous currents required. 

In order to reduce the number and cost of substations, 
the voltage must be increased to a point that would pro- 
hibit the use of a third rail, even if it were not other- 
wise undesirable. It is therefor generally accepted as a 
fact that the current must be taken from an overhead 
trolley. It then becomes a question as to how much cur- 
rent can be collected from an overhead wire, and this is 
really the most important of any. It is comparatively 
easy to collect 150 to 200 amperes at slow speeds with 
the ordinary trolley wheel. The same wheel can collect, 
for a few seconds, as much as 400 or 500 amperes, but 
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deteriorates rapidly with such currents. It is probably 
safe to say that a current of 200 to 300 amperes may be 
continuously collected at high speeds, either by wheel or 
some form of roller or sliding shoe. ‘The wheel can 
scarcely be considered for high speed locomotive work, 
for obvious reasons, but both roller and sliding panta- 
graph trolleys have been used. 

It is of the greatest importance in high speed service to 
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New York, West Chester & Boston Rwy., and they are 
rapidly extending the main line electrification to New 
Haven, so that in a very short time they will run from 
New York to New Haven with electric locomotives. At 
the same time, they are figuring on the line from Boston 
to Providence, which will probably soon be electrified. 
Such extensions indicate that the system is satisfactory. 


Running Gear of Motors Furnished for Hoosac Tunnel. A Single Motor per Axle with Gear Drive. 


have the overhead construction very flexible and to have 
the current collectors light. Otherwise there will be a 
great deal of flashing, and the wire will receive a kink at 
every suspension points that will soon cause it to break. 
Further, the number of collectors in a single span should 
be limited so as to prevent the entire span from being 
lifted. All these things tend to limit the amount of cur- 
rent that can be collected for a single train, and conse- 
quently to raise the voltage. 

We have been required to give quotations for locomo- 
tives of over 3000 horse power capacity. It will prob- 
ably be necessary at times to operate two such loco- 
motives in a single train. Even with one of them operat- 
ing at 3000 H. P., a current of about 750 amperes would 
have to be collected with a voltage of 3500 D. C. on the 
line. Granting that two collectors might be used, the 
current per collector would still be close to, if not beyond, 
the range of anything that has been successfully accom- 
plished up to the present time in high speed service. It 
is my belief that 3500 volt direct current is about the 
lowest voltage that should be considered for high speed 
trunk line service, on account of the difficulties of current 
collection. Lower voltage will, of course, be used for 
lighter and slower speeds service. Whether locomotives 
can be made commercially with this high voltage, remains 
to be determined. Even if locomotives were to be built, 
however, it is very certain that such a voltage is entirely 
beyond the range for multitple unit car operation, so that 
any line with 3500 volts D. C. on it, would be confined to 
locomotive service. 

The single phase system is the only one that has suc- 
cessfully solved the problem of current collection at high 
speeds. The usual voltage for heavy railway work in 
this country is 11000. In Europe it is even higher—15000 
for the Loetschberg tunnel line, and this will probably 
also be used in Germany in the electrification of the State 
Railways. Either voltage makes it a comparatively sim- 
ple-matter to collect the current necessary for the heavy 
high speed trains. 

The New York, New Haven and Hartford R. R. Co., 
which is using the 11000 volt single phase system, is 
steadily extending its electrification. It is practically 
the only company that is making such extension. They 
have the Oak Point yards and the Harlem River division 
equipped now and they are doing their switching with 


There are one or two railways in the west to be electri- 
fied with 2400 volts direct cutrent, which will also give 
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us a line on that system. At present it is more or less 


experimental. 


Discussion of Paper on Electrification, 

Upon being asked as to the frequency generally em- 
ployed in single phase installations, Mr. Storer stated 
that in this country only one installation was operated 
on anything but 25 cycles, while in Europe most of the 
work was now being carried on with 15 or 16 2/3 cycles. 
He stated that in the lower frequency it is possible to 
get a larger output from the motors but this is offset 
by the fact that the transformers are much heavier. 
The transmission line characteristics of the 15 cycle 
system are somewhat better than the 25 cycle. 

Mr. W. A. Del Mar (N. Y. C.) stated that he had 
been making some estimates on the cost of electrification, 
comparing the direct current and single phase system, 
using the actual cost of line material, locomotives and 
cars. The net results of his investigation he stated were 
as follows: If the line is short and has a high density of 
traffic the d. c. system is invariably cheaper with both 
first cost and operating cost, but where the traffic is 
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a. c., system is cheaper. at t 
cause of the fact that the apparatus distributed along 


i 
: 
] 


comparatively light or extends over great distances the 
He stated that this was be- 


the right of way is very much less in the single phase sys- 


tem than with the d.c., system. On the other hand, the 


cost of rolling stock is much more expensive with the 
a. c., system than it is with the d.c. He inquired from 
Mr. Storer, what the prospects of-a reduction of cost 
of the single phase locomotive was. 

Mr. Storer stated that the higher cost of the single 
phase apparatus is inherent with the design of the mo- 
tors. The fields must all be full laminated and the arm- 


ature windings are more complicated and more expens- 


ive than in the d. c., motor. 


He stated that another 


ery important element in costs is the comparatively 


small amount of single phase apparatus that has been 
built at the present time. When these are built in larger 
quantities there will without any doubt be a marked 
reduction in price. 

As to the comparative cost of the electric locomotive 
with the steam locomotive, Mr. Storer said that in or- 
dinary sizes the cost of the electric locomotive would 
be about double that of the-steam locomotive, but on 
the other hand it would be abie to do twice as much 
work. He also pointed out that while the cost of elec- 
tric locomotive was steadily decreasing, the cost of the 
steam locomotives were steadily increasing on account of 
the added complication of mechanical superheaters and 


‘smoke stokers, smoke consumers, etc. 


Mr. Willard Doud (1. C.) stated that the larger sizes 
of the locomotives compared, the more nearly they 
approached the same figure. He also pointed out the 
fact that the maintenance cost of the steam locoiiotive 
runs about twice as high as any electric locomotive and 
as stated, Mr. Storer it is possible to get about twice as 
much work from an electric locomotive as from a 
steam locomotive. 

A vote of thanks was extended Mr. Storer for his 
excellent paper and the meeting adjourned. 


(The paper on Postal Car Lighting and the occompanying discus- 
sion are given on page 196.) 


5TH ANNUAL BANQUET. 


The fifth annual banquet of the Association of the 
Railway Electrical Engineers was held in the Gold Room 
of the Congress Hotel, Thursday evening, October 24th, 
1912. Frederic P. Vose of Chicago, General Counsel of 
the National Credit Association, acting as toast master. 


Mr. Vose is an old friend of the Association and when 
it comes to extracting laughs and giggles from the assem- 
blage his equal can’t be found this side of the Alleghe- 
neys. To those who were at either last years’ banquet 
or this years banquet, it is enough when we say Mr. 
Vose was up to standard. 

‘The toast master then called on Mr. Robert Quayle, 
General Superintendent of Motor Power, C. & N. W. 
Ry., who five minute before his toast, told the 
writer he didn’t have the slightest idea of what he was 
going to say, but he managed to give a most excellent 
talk. He said that he was especially pleased to note the 
broadening of the interests and the scope of this Asso- 
ciation from that of simply car lighting, to cover the 
many other applications of electricity to railroad oper- 
ation. He said that the railroads of the future would 
undoubtedly run trains from ocean to ocean by electric 
motive power. 


Later the toast master called on a gentleman of rather 
Dutch accent but who hailed from the Jacksonville & 
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Keywest Railway who turned out to be one of the best 
laughs of the evening. He talked about politics, Adam ~ 
and Eve, the high cost of living, in fact everything but 
electricity and railroads. 


Mr. F. R. Frost, Electrical Engineer of the Sante Fe 
and the retiring President of the Association was called 
upon for an address and outlined in an excellent manner, 
the work and scope of the Association. He thanked Mr. 
Quayle for his words of appreciation and encouragement 
of the work done by the Association. In behalf of the 
Association the Railway Electrical Engineers, he ex- 
tended a vote of thanks to the Railway Electrical Supply 
Manufacturers’ Association and all others who had con- 
tributed to the success of this convention. 


The toast master then called upon Mr. George Porter 
of the Railway Supply Manufacturers’ Association in 
which George tried to slip one over on our worthy toast 
master in a story about a guy being electrocuted be- 
cause he couldn’t stand for a five minutes talk from Mr. 
Vose. This was handed right back to George, however, 
hot off the bat by our worthy toast master. After a 
vote of thanks to the banquet committee the hall was. 
cleared and the annual ball of the Association was begun. 


ENTERTAINMENT. 


The entertainment features this year were right up 
to standard. On Monday night, October 21st, a large 
party of railroad men and supply men with their 
ladies assembled in the dance hall on the 9th floor of 
the Auditorium Hotel. This was unusually well at- 
tended and everybody seemed to have a good time. 


On account of bad weather on Tuesday it was 
necessary to postpone the automobile tour until Fri- 
day, but on that day a score of cars took the ladies. 
of the Convention for a tour of the parks and boule- 
vard system of the city. 


Tuesday night was ladies’ night for viewing the 
exhibits and we were right on our Bon Bon prophesy 
of the last issue. Needless to say the ladies enjoyed 
themselves. On Tuesday night a party of men in- 
terested in the subject of round house lighting was 
organized and made a trip to the new Chicago and 
North-Western round house at Proviso, Illinois, 
which has the headlight system of «illumination. 

On Wednesday afternoon the ladies of the Conven- 
tion enjoyed a theatre party at the Olympic. “The 
Man Higher Up” was played. 

Thursday evening the 5th annual banquet of the 
Association was held in the Gold room of the Con- 
gress Hotel. This room, which is one of the largest 
banquet halls in Chicago, was filled to overflowing 
with the 475 guests attending. Mr. Frederic P. Vose 
acted as toastmaster and to those who have heard 
Mr. Vose before, the mere mention of his name is a 
sufficient testimonial. Mr. Robert Quayle, Gen. Supt. 
of MPs of mess. of NooW. Rys; FR. Prost; Elec. 
Engr. of the Santa Fe, retiring president of the Asso- 
ciation of Ry. Elec. Engrs; George H. Porter, retir- 
ing president of the Manufacturers’ Association, and 
Mr. Louis Wagner, ostensibly from the Jacksonville 
and Key West Railway, offered toasts. 

After the banquet tables were cleared away and the 
annual ball of the Association held sway until the wee 
hours of the morning. 

Friday afternoon the Illinois Central R. R. took 
the members of the Association for a tour of inspec- 
tion through its Burnside shops. Several pictures 
of the visiting party were taken by a member of our 
staff, and are given in another part of this issue. 
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Jr. and Sr. Active. 
AG, (Lai aero see 
Chas. R. Sugg 
Abie Ty, Gru ue anys 
F. R. Frost 
S. W. Everett 
H. G. Myers 
Raymond H. Osman 
Jos. G. Prantle 
Richard Hamilton 
Werle Perey, 
C. B. Jennings 
Porter M. Mitchell 
B.& ALR. R. 
i Beaknienht 
18h a OR gee RS 
L. S. Billau 
Clarence R. Reynolds 
A. H. Swerzey 
Alexander Summers 
James Donoghue 
Norman G. Wolf 
Harvey F. Winters 
Chas. E. Singer 
Jos. Sidney Smith 
‘Canadian Pacific 
E. S. MacNab 
CG BricaOe RaERs 
H. A. Gardiner 
Fred McGary 
Geo. G. C. Elbreder 
‘Chicago Indiana & So. 
N. E. Greenawalt 
Cc: M. & St. P: Ry. Co. 
C. R. Gilman 
H. J. Frenk 
C. f. Lundquist 
GOR pla oce ba 
F. E. Hutchison 
R. W. Pachaly 
M. K. Holland 
W. M. Beardslee 
Geol erice 
W.- 1. Tibbetts 
J. G. Eberler 
H. D. Andrews 
A. B. Gidley 
E. Rubedew 
H. W. Gammell 
Ne ochulter 
J. N. North 4 
E. Dohney 
E. P. Denham 
H. R. Pennington 
Johnu C. Willms 
Christ Willms 
George H. E. Wachter 
S. Smith 
E. U. Roland 
PLhoswe ea tkan 
Edgar Johnston 
(CaCI Wiehe ek 
Geo. R. Shirk 
P. J. Wynick 
Crk Ay RER 
C. L. Abrams 
Anton Abramic 
W. W. Chance 
Gece Elam ke 
H. J. Burcham 
Ceres Wine Rye Co: 
A. J. Farrelly 
Jos. A. Andreucetti 
Geo. E. Murray 
Chas. Arenza 
L. W. Stephens 
F. F. Hayes 
J. M. Hamer 
A. J. Johnson 
A. A. Kemp 
F. E. Mead 
W. C. Cadwell 
L. C. Buchholz 
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Those Who Registered 


Grew... I Rake Co 
John L. Ohmans 
jroW. Perry: 
Christy Peters 
E. R. Duffin . 


St: 1 & Stk. Re 
oaG. ElLensel 
G. Williams 

R. 


iixe 

. W. Jensen 
fillard Doud 
. B. Colegrove 
C. Younger 
C. McElree 
iB 
ite 


ZA! 


D. Mugan 
Timewell 
arry Aregood 


Pi se ee Phar ty 


R. T. Shipway 
By; W: ‘Sackett 
Chas. Schneider 
Chas. A. Shipnay 
A. Huber 
© Hs Harris 
ie Hl eaeELopicins 
J. D. McElree 
Gary G. Harris 
J. A. Hamilton 
el emlsurtetreh 
J. Landorff 
Jie rows 
C. A. Jansen 
i Ay North 
Frank Maginel 
G. P. Nelson 
George Nelson 
William Mechan 
Fred Kamp 
J. H. Wickman 
KeaCys LermiiCo; 
Swenson 


Lake Shore & Mich. So. 


H. C. Meloy 
I. R. Wentworth 
Bert H. Ehringer 
A. Engelsohn 
Chas. O. Der Casse 
Ce lbs Collinge 
Wes WA dR. Re 
D. J. Cartwright 
Michigan Central 
eke Altstatt 
Wm. F. Lietzan 
Mo, -P. Ry. 
H. F. Pfeffer 
Nee Gale wo: 
John Fogarty, Jr. 
IN® Yi G27 Ei Ree Ree 
Wm.,A. Del Mar 
Alex. M. Gary 
H. W. Smith 
Norfolk & Western 
C. H. Quinn 


Oro. eRe Re 


H. R. Bucks 
Penn. R. R. 
J. R. Sloan 
Daniel B. Pastorius 
C. J. Causland 
Daniel C. Thwartes 
W. T. Griffin 
Tohn C. Snyder 
.W. H. Sherbondy 
W. #H. Keirn 
he Mo Crate 
J. L. Minicke 
Pullman Co. 
N. E. Lemmon 
P. L. Pflager 


Geo. H. Scott 

J. F. McLaughlin 

Frank L. Brown 

R. M. Lytle 

W. Anundson 

C. C. Oberly 

C. R. Thompson 

Norval Thompson 

G. A. Smith 

Jno. Larelle 

J. A. Larson 

F. W. Weaver 

C. Krech 

Arthur Meyers 

Roeh Cram 

Ben Callahan 

M. B. Osburn 
Philawicce ok you Oo: 

H. A. Stofflet 
Soo Line 

G. R. Smith 
Southern Pacific 

E. M. Cutting 
Union Pacific R. R. 

A. J. Collett 
Washington Terminal 

James B. McIntosh 

Associate. 

Adams Bagnall Co. 

B. A. Stowe 

C. W. Beach 

A. J. Selzer 
Adams & Westlake Co. 

R. M. Newbold 


American Circular Loom Co. 


T. C. Hawkins 
George C. Richards 
Geo. A. Lutz 
Central Electic Co. 
Chas. E. Brown 
J. M. Lorenz 
Dan Woodhead 
J. R. Oleson 
J. Ji Jigharley: 
R. N. Baker 
American Conduit Mfg. Co. 
Frank R. Bryant 
American Pulley Co. 
Morris W. Rudderow 
Appleton Elec. Co. 
R. P. Tillotson 
Benjamin Elec. Mfg. Co. 
W. E. Watson 
Columbia Inc. Lamp Works 
S, DP Oldham 
Crouse Hinds Co. 
F.F. Skeel 
Carl A. Bissell 
~E. G: Smith 
Walter M. Fagan 
Cutter Elec. & Mfo. Co. 
C. E. Wise 
W. T. White 


Se haeD. Cutter Co. 


O. B. Duncan 


Consol. Ry. El. Lt. & E, Co, 


LE. J. Kennedy ~ 


‘Delta -Star- Co: 


C. .R. Laninger 
Diehl Mfg. Co. 
HoH. Smith 


‘Economy Fuse Mfg. Co. 


Aw: Lv Bustice-- “i 
Edison Storage. Battery Co. 

H. G. Thompson 

F. V. McGinness 

G. F. Wakeman - 


Electric Storage Battery Co. 


Hey E eunt ae. a 
Godfrey H. Atkin 
R. Raird 
Elec. Testing Lab. 
Preston S. Miller 
Normal D. Macdonald 
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Esterline Co. 
George Bell 
Flexible Steel Lacing Co. 
Geo. F. Purple “i 
Ft. Wayne Elec. Works 
C. A. Cummings 
General Electric Co. 
J. Scribner 
J. O. Witherbee 
O, ‘A> Hain 
Lak. abatker 
Getts 
C. M. Langfield 
Buchanan 
A. L. Broe 
C. H. Jones 
Allen G. Jones 
C. C. Douglas 
Jack Cross 
Gould Coupler & Storage 
Battery Co. 
Geo. Milne 
Wm. F. Bouche 
G. R. Berger 
Wm. T. Sherman ~ 
S. D. Cowe~ - 
Hess Bright Mfg. Gai 
W. L. Batt 
inde eau Lamn & Wire 
fo) 
Richard S. Carrick 
ee P. Lee -. 
Wo joke Manville Co, 
ae A. Hurlbut ¢ 
Kerite Ins. Wire & Cabin Co. 
Azel Ames 
B. L. Winchell, Jr. 
P. W. Miller 
J. W. Young 
G. A. Graber 
B. A. Fuller > 
Main Belting Co. a 
Wilbur ©. Fawcett - 
National loka Asso. Elec. 
C. W. Bender ; 
Jas. A. Hamilton Bees 
National India Rubber Co. 
P. Fo Lyons 
National X-Ray Refl. Co. 
Harvey B. Wheler 
F. H. Aldrich 
Noe Works of Gen. Elec. 
0. 
Arthur J. Sweet 
Iu... G,, Doane 
J. W. Foster 


Siamierd Underground Cable 
Co: 
Russell Green 
Okonite Co. 
Francis J. White. 
W. G. Hovey ~ 
Oliver Elec. Co. — 
F. W. Oliver — 

Oneida Steel Pulley Co. ° 
Nelson -G. Stark | uM 

Pass &-Seymour, Inc. . 
V. R. Despard 
Frank T. Hoffman 

Pocket List of fy Re Officials 
Charles: L.: Dinsmore ue 

Pyle Nat. Elec. Headlight Co. 
~H. John Kilker 
H. B. Bayless 
Chas. W. Dake . 

C. P. McGinnis — 

Railway Electrical Engineer 
Edward Wray ~ aes 
‘Geo. W. Cravens 

Win. C. Robinson & Son. Co. 
C. G. Swank 
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Safety Car Heating & Light- Sangamo Electric Co. 


ing Co. i J. H. Hadde 
J. G. Van Winkle Terry Steam Turbine Co. 
Geo. E. Hulse ‘A. P. Peck 
_ Lindsley Schepmoes Thompson Electric Co 
fac. E. Miller Alli Th ; 
oe . Halm ison Ve ompson 
Bia, U. S. Light & Heating Co. 
C. A. Pinyard ‘ 
he H. Rodger : W: 1 Bliss 
|S. K.’F. Ball Bearing Co. ~ W. P. Hawley 
| Frederick H. Poor W. F. Bauer 
i C. O. Winn J. E. Widner 
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Victor Balata & Textile Belt- 
ing Co. 
Jos, Es Abt 
Western Electric Co. 
Geo. H. Porter 
H. F. MacGuger 
A. C. Keene 
Westinghouse Electric & 
Mfg. Co. 
B. Pe Fisher Jr. 
N. W. Storer 
Arthur J. Cole 


The Convention Exhibits 


Adams-Bagnall Elec. Co., of Cleveland, showed Jan- 
dus fans and Abolites. Mr. B. A. Stowe and C. W. 
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[vis Bryon 
R. E. Schaulin 
L, A. S. Wood 
R. Bio. Geare 
A. N. Brown 


W. H. Beattys, Jr. 
Willard Storage Battery Co: 

W. E. Ballantine 

F. S. Gassaway 

CryAaurrell 


Louis Sears 


fixtures included in all 73 different types varying in 


Beach were in charge of the exhibit. 


WESTLAKE ©O- 


seen 


as 


size from the small limousine lamp to the large 75 watt 
center deck unit. They showed semi indirect and con- 
sealed types for both coach and postal car lighting. All 
of the various types of glassware manufactured were 
shown. Mr. G. L. Walters, R. M. Newbold, and J. W. 
Mercer represented the Company at the Convention. 


The American Pulley Co. showed both their flange 
and flangeless type axle pulleys and their new steel 
bushing and also a pressed steel car wheel for inspec- 
tion cars. This company now makes a pressed steel car 
wheel which will accommodate any of the standard 
roller, ball or packed bearings. 


As a convention souvenir they distributed a beauti- 
fully bound flexible morocco booklet giving considerable 
information on axle pulleys. As an appendix to this 


Exhibit of The Adams & Westlake Co. 


The Adams & Westlake Co. showed a complete line 
of car lighting fixtures which were mounted on a large 
and very attractive booth representing a car. These 


Exhibit of the American Pulley Co. 


Exhibit of The Appleton Electric Co, 


booklet was some important information regarding belt 
tension with different sizes of generators for both 17 
in. and 21. axle pulley. Mr. M. W. Rudderow, John 
Forrest and C. P. Englehart represented the Company 
at Convention. 


The Appleton Electric Company of Chicago had a 
very attractive exhibit covering their new line of stamped 
steel unilets, etc. This company has now specialized on 
drawn steel fittings to replace their original line of cast 
iron fittings. They are thoroughly sherardized and are 
provided with porcelain covers which fit snugly to the 
unilets. R. P. Tillotson represented the company. 
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Benjamin Elec. Mfg. Co. showed a complete line of 
industrial lighting fixtures and reflector sockets. Their 
booth was one big glare of light with a big 1000 watt 
tungsten mill cluster and a 500° watt reflector socket 
with numerous other fixtures. A new feature of par- 
ticular importance was their angle type reflector socket 
which may be used to advantage in certain cases where 
it is desired to have the maximum flux of light directed 
at an angle from the perpendicular. This is furnished 
in all sizes up to 500 watts. They also showed a port- 
able lamp guard for roundhouse and shop use which 
is both ground proof and of sturdy construction to 
withstand severe service. oe. 

One feature of particular interest to the car lighting 
engineer was their new spring clamp fixture which 
securely grips the neck of the reflector by a twist of a 


Co. 


Exhibit of the Benjamin Electric 


«am ring. This is then locked with a set screw so the 
fixture cannot work loose. H. E. Watson, A® EE: 
Lubeck, and G. B. Webber were in charge of the ex- 
hibit. 

Central Electric Co. exhibited a complete line of 
Columbia Lamps, Okonite wire, Opalux glassware, 
Diehl car fans of both ventilating and exhaust types, 
D. & W. fuses, Gibbs connectors, Ralco charging plugs 
and connectors, Crouse Hinds headlights and magazine 
fuse holders. Chas. E. Brown, J. M. Lorenz and R. N. 
Baker were in charge of the exhibit, while Messrs. 
Hovey and White represented the Okonite Company, 
and Mr. C. D. Oldham represented the Columbia In- 
candescent Lamp Works. 


Crouse Hinds Co. To the car lighting man, the ex- 
hibit of the Crouse Hinds Co. probably contained more 
information and more new devices of interest to him 
than any other exhibit on the floor. They showed their 
new axle generator condulet connector for connecting 
axle generator leads to the regulator circuits of the car; 
and changeable side junction box in which a blank side 
plate, a one-hole or a two-hole side plate of any desired 
‘size may be inserted as required. A new yard charging 
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_plug and receptacle, to be described later in the Decem- 


ber issue, and battery box fuse condulet for mounting 
on battery box beneath the car, were also shown. 
They also showed a complete line of condulets for 
interior conduit work; the standard New York Central 
and the standard Santa Fe switchboard panels; and also 
a plug and receptacle for portable leads as used in 
round houses, machine shops, ete. F. F. Skeel, E. G. 


Exhibit of the Central Electric Co. 


Smith, A. F. Huels, C. H. Bissell, and C. M. Crowfoot 
represented the firm at Convention. 

Cutter Elec. &@ Mfg. Co. showed a line of circuit 
breakers of various types for railway, power station, 
and shop service. H. F. Darby and C. E. Wise were in 
charge of the exhibit. 


"CROUSE-HINDS COM® 


Exhibit of the Crouse-Hinds Co. 


Economy Fuse & Mfg. Co. showed a full line of re- 
fillable fuses of from 1 to 600 ampere capacity, and 
both 250 and 600 volt types.: For purpose of demon- 
stration they showed one fuse with a side cut away to 
show the fuse links which are the refillable element of 
this fuse. This also showed the ventilating features of 
the fuse which prevents fire flashing out when the fuse 
is blown. Mr. E. L. Eustice was in charge of the ex- 
hibit. 


= 
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Exhibit of the Economy Fuse & Mfg. Co, 


@ VHE ELECTRIC STORAGE BATTERY CO. 


fs 


Exhibit of the Electric Storage Battery Co. 


Exhibit of 


ey 
STORAGE 


the Edison Storage Battery Co. 


Edison Storage Battery Co. exhibit included a display= 
of all battery parts by which each step in the process 
of manufacture of the Edison Battery was demon- 
strated. The car lighting cells as exhibited were of the 
new suspension type in which a dead air space of 2% 
inches is provided between the bottom of the cell and 
the bottom of the plates, the purpose of this being to 
eliminate grounds, etc., at this point. Mr. H. G. 
Thompson, F. V. McGinness, and Mr. G. F. Wakeman 
represented the Company at the Convention. 

Electric Storage Battery Co. showed their standard 
car lighting types of chloride accumulators and exide 
storage batteries. Mr. G. H. Atkins, H. E. Hunt, R. I. 
Baird and H. M. Beck represented the Company at the 
Convention. 

General Electric Co., exhibited a small instrument 
particularly adapted for testing work, motors, mercury 
arc rectifiers, transformers, compression chamber light- 
ing arresters, and new k. 20 oil switch. 

Mrriesccupner, aed Parkers C. Cr Douglas, C; H: 
Jones. eee buchanan,) menson,-me Z.. Plain, C. MM. 
Langfeld, J. D. A. Cross represented the company at 
convention. 

Electrical Testing Laboratories had a lantern illus- 
trating device with a large number of slides showing 
views of the interior of the testing laboratories, methods 
of testing, etc., which were extremely itneresting and 


GENERAL ELECTRIC: 
COMPANY 


Exhibit of the General Electric Co. 


instructive. A big 3000 watt, 2700 candle power tung- 
sten lamp occasionally illuminated their booth. This 1s 
the biggest incandescent lamp ever made. Three drawn 
tungsten filaments are braided together and _ these 
placed on a large spider as is the standard practice in 
lamp manufacture. This lamp is not manufactured 
commercially at the present time. Mr. M. D. Macdon- 
ald and Mr. Preston S. Millar represented the company. 

The Esterline Co. exhibited a new axle generator type 
iocomotive headlight equipment which is of special in- 
terest to railway men, for it marks a new departure in 
the application of the axle generator systems for elec- 
tric headlight service. The generator was very small 
and similar in construction to the magnetos manufac- 
tured by that company except that it had a differential 
field winding to compensate for rise or fall of train 
speed. The windings of this differential field are cut 
in or out by a D’Arsonval regulator. 

The headlight exhibited was of the mirrored type, 
made of green opal plate glass of special composition 
which gives the reflected light a pecular golden glow. 
This is accurately ground to a parabolic surface and 
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mirrored on the back. Mr. Geo. Bell, sales-amanager, 
was in charge of the exhibit. 

Flexible Steel Lacing Co. exhibited their “Alliga- 
tor” fastener for various sizes of belts. A tensile ma- 
chine was provided to show the strength of the fasten- 
er and various tests were made, both on fasteners and 
belt samples. Mr. G. E. Purple and C. W. Beach were 
in charge of the exhibit. 

The George Cutter Co. exhibited a five light boule- 
vard post, an entrance crook, street hoods and very 
narrow car lighting panels, the compactness of these 
panels being effected by the super-imposing the bus- 
bars instead of spreading them out as usual practice. 
They also showed an induction motor switch for auto- 
matically starting 3 phase induction motors. Mr. O. 
B. Duncan was in charge of the exhibit. 

Gould Coupler and Storage Battery Co., exhibited 
their “Simplex” system including a type B. B. genera- 
tor, regulator, type M lamp regulator and generator 
designed for ball bearings, all parts of which are made 
so as to interchange with those of present types. 


Exhibit of the Gould Coupler Co. 


They also exhibited a new vent plug made of lead, 
but arranged with a drip point in the center so that all 
condensation of escaping gases will drop back into the 
cell. They also exhibited a 120 ampere hour cell with 
pasted plates made up in into the standard compartment 
tanks with four cells per tray. These are designed for 
use in lighting cars where the service is extremely light. 

A motor generator set using a standard car lighting 
generator in connection with a standard 300 ampere 
hour battery was operated through all ranges of speed, 
equivalent to variation of train speed from 0 to 90 
miles per hour, and the current and voltage of all parts 
of the system was at all times indicated by miniature 
instruments on a small test board. 

Messrs. Geo. Milne, R. N. Chamberlain, Geo, R. 
Berger, M. R. Shedd, Chas. O. Baker, W. T. Sherman 
and S. W. Cowles represented the company at conven- 
tion. 

Hess-Bright Mfg. Co., exhibited a large board filled 
with ball bearings of all sizes and capacities. A 300 
Ib. weight was suspended from a shaft midway between 
two bearings, one as ordinary babbit bearing and the 
other a standard Hess Bright ball bearing. A small 
hand crank was provided on each of the bearings, so 
that any visitor might turn either or both of the two 
bearings which carried an equal weight and compare 
the friction of each; needless to say there was a marked 
difference in favor of the ball bearing. W.L. Batt was 
in charge of the exihibit. 
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Holophane Works of the G. E. Co., exhibited some 
of their new semi-indirect units and also a very attrac 
tive satin finished reflector and prismatic bowl combi- — 
nation for station lighting. They also exhibited a new 
and extremely large center deck fixture with a prismati¢ 


a 


reflector, prismatic bowl and an opal envelope of lighi mi 


Exhibit of the H. W. Johns-Manville Co. 


density, this latter installed mainly for purpose of keep- 
ing the dust off the prismatic reflector. They also exhib- 
ited their new hexagonal unit, which has proven so 
successful for dining car and library car lighting. 

They also showed two new types of glassware: one, — 
the white iris which in day light has a beautiful pearly 
appearance and at night has beautiful shaded brown 
decorative lines, and the other, “Calla” glass which is 


Exhibit of the Kerite Ins. Wire & Cable Co. 


chalk white both under day and night conditions. Both 
of those these types of glassware are of dense opal 
and very efficient. 

They also exhibited all sizes of outdoor station light- 
ing units in sizes from 25 to 250 watts. These have 
a prismatic reflector with a large opal envelope to keep 
the dust and water off the prismatic reflectors. » 

They also showed a complete line of aluminized and 
enameled reflectors and also a new vestibule type enam-— 
eled reflector made of one piece of steel.’ This is de- 
signed to fit into the holes that accommodate the pre- 
sent units in the vestibules of pullmans and coaches. 
They also showed a complete decorative line of all ar- 
tistic types of glassware. Messrs. A. J. Sweet, J. W- 
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Foster, and L. C. Doane, were in charge of the exhibit. 
H. W. Johns Manville exhibited a full line of fuses 
and service boxes. They also showed their ebony as- 
_bestos board for switch boards and panels, fibre conduit, 
friction tape and linolite lamps. Mr. E. A. Hurlbut and 
L. L. Cohne were in charge of the exhibit. 


Exhibit of the Main Belting Co. 


J. Lang Electric Co. exhibited their new car lighting 
panels of very narrow and compact design, and also 
their automatic starting device for three phase motors. 
O. B. Duncan was in charge of the exhibit. 

Kerite Ins. Wire & Cable Co., showed a complete 
line of wires and cables, both plain Kerite and armored 
Kerite for power, submarine and car lighting work. 
They also exhibited an especially flexible cable for use 


Exhibit of the National Metal Moulding Co. 


on train connections. The high qualities of Kerite in- 
sulating tape were also demonstrated. Maj. Azel Ames 
B. L. Winchell, Jr., P. W. Miller, J. W. Young, Geo. 
A. Graber represented the company at convention. 

_ Main Belting Co. exhibited their new Laviathan spe- 

cial car lighting belt. They had an operating exhibit of 
a motor driving a car lighting generator arranged so as 
to demonstrate the adhesive properties of the belt. They 
exhibited one belt that had covered 52,432 miles on a 
65 ampere machine, and another that had covered 43,- 
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was worn out, but were removed their respective cars 
for exhibit at the Convention. Mr. W. E. Fawcett was 
in charge of the exhibit at Convention. 

National Metal Molding Co. exhibited a full line of 
Sherardized ridged conduit, flex-steel metalic conduit 
and armored cable, and flex-duct none-metalic conduit. 
They also exhibited a full line of National Metal Mold- 
ing fittings specially designed for railway car wiring, 
National lock nuts, bushings and outlet and switch 
boxes. Mr. I. A. Bennett, C. A. Abbott, N. C. Morgan 
represented the company at convention. 

National Elec. Lamp Association exhibited a com- 
plete line of lamps for both the standard 110 volt serv- 
ice and 30 and 60 volt car lighting service. C. W. Ben- 
der and J. A. Hamilton were in charge of the exhibit. 

The Norma Co. exhibited their roller bearings with 
a small bearing to take the end thrust. This bearing 
has an exceedingly large carrying capacity and is to a 
certain degree self alligning on account of the fact that 


ie ar ul 


NATIONAL ELECTRIC 
LAMP ASSOCIATION 


Saag nat 


Fas 


Exhibit of the National Electric Lamp Association. 


the upper race course has a slightly convex surface per- 
mitting the axis of the inner race course with the rollers 
to accommodate itself to any irregularities in the shaft 
allignment. Mr. Langnickle was in charge of the ex- 
hibit. 

Oneida Steel Pulley Co. exhibited both their flanged 
and flangeless type Keystone R. R. pulleys. They also 
showed a new ratchet wrench for tightening bolts on 
axle pulleys where ‘there is only a slight angle to work 
in. They also exhibited their standard corrugated bush- 
ing both in the long type with bushing clamps for per- 
manent mounting on the axle and the short type for 
shimming up'the pulley without a bushing clamp. Mr. 
N. G. Stark was in charge of the exhibit. 

Pass & Seymour Co. showed a complete line of sock- 
ets and wiring devices and also showed their new Sur- 
lock locking device for all types of sockets which makes 
it impossible for the lamp to work loose or be stolen. 
Mr. V. R. Despard, and F. T. Haffner represented the 
company. 

Pyle National Elec. Headlight Co. exhibited their 
new headlight with pilot lamp attachment for use in 
stations, when approaching another train and at any 
time the intense beam of the arc is found objectionable. 
The headlight case is electric welded and accordingly 
of strong ridgid construction. They showed their new 
type E. turbo generator equipment which is of low 
steam consumption and of simple mechanical construc- 


710 miles on a 100 ampere safety machine. Neither belt tion. The new equipment is designed with the idea of 
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interchangeability of parts with old type equipment as 
far as possible. J. E. Kilker, H. P. Bayless, Chas. W. 
Dake, C. P. McGinnis, represented the company at 
convention. 

Railway Electrical Engineer held forth in one of the 
booths near the entrance of the hall and conducted a 
general registration and information booth in addition 
to maintaining a department for separating certain par- 
ties from their cash to the extent of one dollar per. 
Geo. W. Cravans, M. K. Salem, and Edward Wray 
represented the company at the Convention. 

Sangamo Electric Co. exhibited their new resistor 
type ampere hour meter mounted on a small switchboard 
panel with circuit breaker as furnished to the Pennsyl- 
vania Railroad Co. for axle generator systems. They 
also showed their variable shunt meters for straight 
storage work and their duplex dial meters for indicat- 
ing both total charge and total discharge of an axle 
system. J. H. Hadde represented the company at the 
convention. 

Safety Car Htg. & Ltg. Co. had an operating exhibit 
which showed the operating characteristics of their new 


PYLE-NATION | 
HEADLIGHT Co. 


> 


Exhibit of the Pyle National Headlight Co. 


type “F” regulators. They also showed a new electric 
locomotive head-light, the big reflecting element of which 
was a silvered glass mirror mounted on a heavy door 
hinge. The headlight is designed to use an ordinary 
incandescent lamp, power for which is furnished by a 
portable storage battery mounted on the locomotive. 

This conipany also exhibited a complete line of car 
lighting fixtures of all types and sizes. The company 
was represented at the convention by Messrs. A. C. 
Moore, J. G. Van Winkle, G. E. Hulse, L. Schepmoes, 
CoE. Miller, iH. Haim, €. A. Pinyerd, J. Hw Redgem 

S. K. F. Ball Bearing Co. had an interesting and at- 
tractive exhibit of their self alligning ball bearings of 
both radial and thrust types. Two bearings were mount- 
ed on a badly bent shaft which was rotated by a small 
motor. The two bearings, although operating under a 
very abnormal condition ran perfectly and demonstrated 
the self alligning feature of the bearing. F. H. Poor 
and G. B. Castino were in charge of the exhibit. 

Thompson Electric Co. showed their cut-out lamp 
hanger for both arc lamps and tungsten units. This 
hanger makes it possible to lower the lamp from any 
high point to the ground for cleaning, ete. Mr. A. J. 
Thompson was in charge of the exhibit. 


RAILWAY ELECTRICAL ENGINEER 


Vol. 4, No. 6. 


U. S. Light & Heating Co. exhibited their new type 
S-1 panel and B-1 lamp regulator for mounting inside 
the car. They showed their ball bearing generator de- 
signed to accommodate any of'the standard type bear- 
ings. A part of the generator casing was cut away to 
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show the interior construction. Their new aluminum 
brush holders were employed. Flexible leads inside the 
generator were insulated with cup type porcelain insu- 
lation. ‘They also showed their standard car lighting 
batteries with parts cut away to show the plate con- 
struction. J. A. Smith, W. L. Bliss, W. A. Turbayne; 
W. P. Hawley, C. C. Bradford, W:: F2 Baner sie 
Cumming, Geo. Hentges, J. E. Widner, A. J. Mathews, 
k. S. Stunts, and T. B. H. Tower represented the com- 
pany at convention. 

Victor Balata & Textile Belting Co. exhibited their 
new “Axonelat” belt for car lighting work. They also 
showed the raw materials from which the belt is made, 
the heaviest and strongest duck employed in belting 
and the sheets of pure balata gum which is used to 1m- 
pregnate the belt and give it wearing and adhesive pro- 


Exhibit of the Western Electric Co, 


perties. Mr. Jos. Abt represented the company at the 
Convention. 

Western Electric Company exhibited a complete line 
of Sunbeam lamps and D. & W. Fuses. They also had 
some railway telephones on exhibit such as are used in 


| 


; 
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railway telephone train dispatching and auxiliary train 


service. Messrs. Geo. H. Porter, T. F. Ryder, H: F. 


product. 
reversing planer motors, long burning flame arc lamps, 


MacGuyer, and A. C. Keen represented the company 
at Convention. 

Westinghouse Elec. & Mfg. Co. exhibited Westing- 
house lamps and showed a case full of parts which de- 


-monstrated every step in the manufacture of the tungs- 


ten lamp, from the crude tungsten ore to the finished 
They also showed motor control panels and 


transformers, meters, etc. B. F. Fisher, Jr., N. W. 
mentee. j, Cole,.J. H» Bryan, R: E.-Schaulin, L. A. 
S. Wood, R. E. S. Geare, A. N. Brown, W. H. Beattys, 
Jr., represented the company at the Convention. 
Willard Storage Battery Co. The battery features 
of the Willard exhibit were rather small, one standard 
unit with various parts showing plate construction 
alone, were exhibited. But the social side of the Will- 
ard exhibit was the best on the floor. Luxurious deep 
leather cushioned chairs and sofas attracted many tired 


Exhibit of tke Willard Storage Battery Co. 


visitors to that part of the hall and the booth was a 
popular place. It was beautifully decorated with palms 
and ferns. Mr. W. E. Ballentine, F. S. Gassaway, C. 
A. Burrell, Lewis Sears, represented the company. 


Pee Orel ly PESTS, 


At a joint meeting of the Western Railway Club and 
the Chicago Section of the Illuminating Engineering 
Society, October 15th, Mr. C. M. Larson, Assistant Chi- 
cago Engineer railroad commission of Wisconsin, gave 
a report of a series of headlight tests made by the com- 
mission recently. 

Tests were made under both standing and running 
conditions to determine both the ability to discern objects 
on the track and the ability to read signals correctly. 

The tests were made using the following headlights. 
1. American Headlight, 2. Pyle National, 3. Com- 
mercial Acetylene, (18” and 27’) 4.18” Bunn Safety 
Oil Headlight. 

A man dressed in white could be discerned at 3000 
ft., with an electric headlight, while a man dressed in 
gray or black was distinguished at 1600 and 1200 ft., 
respectively with the same light. The Acetylene light 
showed the object at 600 ft., in each case, while with the 
oil light the object could not be seen until within 400 ft. 

As to signal tests the results of this investigaticn 
showed such a large percentage of so cali “phantom 
lights” that the Commission considered it necessary to 
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investigate this subject further to determine why there 
are not more accidents‘resulting from ‘the use of electric 
headlights at present. In reading classification lights at 
400 ft., about 82% were correctly read. It was stated 
in this connection, however, that standing for a consider- 
able period of time and looking into a strong headlight 
is exceedingly tiring on the eyes and may have been to 
some extent cause of such a poor showing, 

The Commission, realizing that there are over 20,000 
electric headlights in use at the present time, and that if 
the same difficulties of incorrect reading of signals were 
experienced by each of these 20,000 engineers as were 
found in these tests, there would, without doubt be a 
great number of accidents every night. Accordingly, 
they sent representatives to personally interview a large 
number of railroad men including many locomotive 
engineers operating electric headlights. 

The general opinion of practically all locomotive eng- 
gineers interviewed was that if there are any disadvan- 
tages of the high power light, these are more than over- 
come by the many good points in favor of the electric 
headlight. These engineers stated that they were able 
to distinguish the blades of a semaphore and be governed 
accordingly; and though they admitted seeing flashes of 
phantom lights at times they were able to recognize them 
as such. 

The observers of these tests were for the most part 
railroad men including many locomotive engineers, but 
attention should be called to the fact however, that they 
were not men having had experience with use of an 
electric headlight, as they were representatives of the 
Chicago and Northwestern, and the Chicago, Milwaukee 
and St. Paul railroads. 

According to the results of these tests, the high power 
headlight seemed to be too strong, whereas the oil lamp 
was too weak. It was unfortunate in this connection 
that some of the electric headlights of lesser candle 
power were not also tested. This would include some 
of the tungsten lamp equipments, also the Moon head- 
light which projects its beam of light by means of the 
arc. When this light is properly focused it is impossible 
for the engineer of an opposing engine to get direct rays 
from the arc itself. A discussion of the paper by various 
railroad, university and supply men brought out some 
very interesting points. 

Prof. C. F. Harding of Purdue University said tliat 
there is a demand for the more powerful headlight, but 
as this appears to obliterate signals it seems logical 
to increase the intensity of the signal lights correspond- 
ingly. He pointed out however that it contains many 
disadvantages which railroad men would appreciate. He 
also stated that it might also be possible to reduce the 
beam down to a nearly cylindrical one instead of a 
diverging beam as now used. He thought, however, 
that locomotive engineers would object to that because 
they wished to see surrounding objects to some extent 
which act as markers in maintaining schedule time. He 
also pointed out that it might be possible to increase the 
intensity of the electric headlight until it became pos- 
sible to use the semaphore position signals entirely in- 
stead of light signals. He pointed out that the difficulty 
in phantom lights is largely due to the fact that the head- 
light, the signal, and the engineer are somewhat near 
the same level. He suggested that if signal lamps were 
placed lower the phantom light would be greatly reduced. 

Mr. Geo. L. Wilson gave an interesting talk on the 
acetylene light and pointed out that while an acetylene 
headlight cost but $65.00 initially, it does not cost any 
more to operate than an ordinary oil headlight. 

Mr. H. T. Bentley, Asst. Supt. Motive Power, C. & 
N. W. Ry., pointed out that they used banjo type signals 
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in which there were no semaphore position arms em- 
ployed. He stated that if they had believed that the 
electric headlight would insure greater safety to the 
traveling public it would have. been installed on the 
North-Western long ago. 

Mr. J. F. DeVoy, Asst. Supt. Motive Power, C. M. 
& St. P., stated that he has had orders for some time 
past, that if he thought the electric headlight was the 
proper thing it would be adopted by that road, but up 
to the present time, however, they have not considered 
it advisable. He stated that the large amount of switch- 
ing in Chicago and Milwaukee terminals makes this 
impractical. 

Mr. John Meeks, a locomotive engineer of the Soo 
Line, who uses an electric headlight, stated that since 
this investigation had been begun he paid particular 
attention to see if at any time his electric headlight 
would change the color of signals, but up to the present 
time he had never been deceived in the indication of a 
signal. He said that it was true that he occasionally got 
flashes of light back from the ‘surface roundels, but the 
experienced engineer easily distinguishes them from the 


Light: 
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true signal light. 
saved the.lives of two men who were on 4a trestle, and 


He said that his electric headlight had 


if it had not been for the electric headlight showing up 
these men at a distance of over a 1,000 ft. they would. 


undoubtedly thave been killed. 


As to classification lights he said they always blow 


a whistle signal in addition to the lights and always 
receive an answer from the waiting train or stop to fnd 
out why answer was not given. 

Mr. J. G. D. Mack, Prof. of Mech. Engr. Univer- 


sity of Wisconsin, called attention to the fact that an — 


experienced blacksmith can tell the color of a piece of 
steel in the fire, while the ordinary observer is blinded 
by the glow of the coals and usually can tell nothing 
about it. He stated that practically all the observers in 
these tests were men who have had no experience with 
electric headlights and said that this might explain the 
high percentage of false signals observed. 


Numerous. other: gentlemen presented arguments pro. 


and con, and a vote of thanks was finally extended by 
tne Chub to Mr. Larson and other members of the Com- 
mission. 


Its Use and Misuse. 


A Primer on “Illumination” Prepared by the Illuminating Engineering Society. 


It is the purpose of this publication to assist the user 
in making artificial light effective, whether the light be 
produced by oil, gas, electricity or otherwise. 

By proper use you can get good illumination from any 
of these sources, but by misuse you are likely to get 
lighting that is bad, costly, and even dangerous to the 
eyesight. 


ILLUMINATION AND COMFORTABLE VISION. 


To see easily and comfortably you must select the 
lamps, fixtures and globes and arrange the lights so as 
to best suit the particular conditions which have to be 
met, but certain principles which must always be followed 
may safely be laid down. 


Dowt Judge Illumination by the Brightness of the 
Lamps. 

Judge the light you are getting by the way it helps 
you to see. Do not think because a lamp looks glaring 
and brilliant that is giving you good light. It may be 
merely giving you too much light in the wrong place. 
On the other hand, a well shaded table lamp may look 
dim because it is well shaded, and still be giving first- 
class light for working purposes. 

You must get enough light to see by, and as you see 
things chiefly by the light which they reflect, it is evident 
that dark colored objects which reflect light badly re- 
quire more light than do light colored objects to see them 
comfortably. That which is quite sufficient for sewing on 
white cloth, for example, will not do at all for working 
on black cloth. | 

Don’t Work in a Flickering Light. 

See that your light is steady. If you leave a dark 
room and go into bright sunshine the sensation is un- 
pleasant to the eye; if you use a light that flickers, you 
get this same unpleasant sensation, perhaps as rapidly 
as twenty times a minute. Furthermore, the eye en- 
deavors to adjust itself to suit the light; if the light 
flickers it keeps the iris of the eye “see-sawing,” 
were, and the muscle that governs it gets tired and reacts 
on the nerves to cause discomfort and pain. Reading 
in railway trains causes similar strain; the eye muscles 
get tired in trying to follow the shaking page, and are 
likely to provoke a headache. 


ast. 


Don’t Expose the Eyes to an Unshaded Light. 


It is bad to have an unshaded brilliant light glaring 
into the eyes, for it throws hard labor upon them in an 
effort at adjustment. This applies even to common 
electric, gas, or oil lamps. While artificial light may be 
made a good substitute for daylight, you have constantly 
to beware lest rays that are too bright, either from the 
lamps or from their reflections, hurt the eyes. You can 
get reflections, so bright as to be harmful, from polished 
metal or glass, from bright varnished surfaces or even 
from glossy white paper upon which the light falls. 


A bright light fairly in the field of view means @ 
very brilliant light on the retina, producing fatigue. 
Everyone knows the blinding sensation of looking at the 
sun with its sequence of dazzling colored tmages Ba- 
bies are here common sufferers when careless mothers 
or nurses’ allow them to lie in their carriges with eyes 
exposed to the unclouded sun. Bright artificial lights. 
in a less degree, do the same thing to all of us. And 
when you get a bright light in the field of view, the pupil 
tries to shunt it out; in so doing it renders less bright 
things all but invisible. Thus it is hard to see things 
which are nearly in line with a brilliant light, as you 
often find in facing an automobile headlight, or looking 
into a show window. 


A Couple of Simple Experiments. 


Place an unshaded lamp in front of a picture on the 
wall and then stand back a few feet and note how much 
of the picture you can see clearly. Then hold a book 
or paper at arm’s length so as just to cover the bright 
light and note the way in which the picture clears up. 
Again, put an unshaded lamp about a foot in front of 
your eyes and try to read a newspaper just beyond it. 
Then shade your eyes from the lamp and try it again. 
You will soon find out in this way that lamps can be so 


placed that they will be a hindrance rather than a he 


in seeing. 
Best Direction of Light. 
From time immemorial mankind has received its light 


mostly from the sky. Consequently the part of the retina 
on which the light from above chiefly falls is pretty well 
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used to it, while bright light from below, falling on the 
part of the retina which commonly gets light only from 
grass or dark pavements, may be very irritating and un- 
pleasant. Thus the glare from snow and sand is not 
only disagreeable on account of its intensity but because 
of the unusual direction from which it comes. Just so 
with a brilliant beam reflected from glossy paper on 
which you are writing. Its rays strike you from an un- 
usual direction and are harmful for that reason. Other 
smooth and shiny surfaces deliver an equally hurtful 
assault on that sensitive and much abused organ,—the 
eye. 
Don’t Read Facing the Light. 


It is best to have the light come from above and some- 
what sidewise, as it commonly does in nature, so that 
you will not get a brilliant reflection or glare from what 
you are trying to see. In reading and writing itis 
better to have the light come from the left, to avoid 
getting a shadow of the hand that holds the book or pen. 
Let the lamp be just far enough behind to keep direct 
reflections from the paper out of the eyes. But what 
has been said of reflections from paper applies with even 
more force to the case of polished metals, or the like, 
over which one is busy. Individual lights placed close 
over the work are very likely to produce these trouble- 
some direct reflections and consequently such lights are 
falling into disuse. In an interior otherwise dark, their 
use is open to the further objection of giving bright spots 
of light and so producing too violent contrasts of light 
and shade. 

Don't Use a Bright Light Against a Dark Background. 

Almost any light will glare unpleasantly if the sur- 
roundings are thoroughly dark. As an extreme illustra- 
_ tion, the light from a big arc lamp hung close to the side- 

walk may be very annoying at night, but by day you 
would hardly notice it. Just so a bright lamp against a 
dark background may be annoying, while against a light 
background it would not be so unpleasant. 


LAMPS, FIXTURES, GLOBES, REFLECTORS. 
One may choose to-day among lights of many kinds. 
There are at hand candles, oil lamps, open flame gas 
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jets, upright and inverted mantle gas lamps, electric in- 
candescent lamps of carbon and of tungsten, electric 
arcs of half a dozen varieties, besides mercury-vapor 
tubes, acetylene lamps, as used on motor-cars, and so on 
through a long list. 

What do you wish to use a light for? To read or 
write by, to bring into view the working parts of a 
machine, to match colors, to display goods, or pictures; 
or merely to make a pathway safe and plain? Each 
case is to be studied by itself, and the effect is to be 
accomplished by such lamps,. globes and reflectors as, 
properly disposed, will insure ample lighting without 
glare, and yet with strict economy. 

However good and suitable the lamp, it will be put at 
a disadvantage unless the lighting fixture which carries 
it is. designed to hold the lamp in the right position to 
enable one to best utilize the light which comes from it. 
Prettiness in a fixture is well enough; but let the fixture 
be serviceable first; then it may be also as pretty as you 
please. But don’t buy prettiness if it makes war on 
good service. 

Daylight is naturally well diffused; but artificial light, 
poured out as it is from mere points, or narrow surfaces, 
needs to be tempered or softened by shades. And it 
sometimes further requires to be directed upon a desk 
or table or other object. In some cases it is better to 
adopt indirect methods, and throw the beams of a lamp 
‘upon a ceiling whence the rays are scattered. For every 
particular need there is ample provision amid the abound- 
ing lamps, globes and reflectors of present day design- 
Crs; 

Arranging Lights. 

Two methods: are usual in arranging lamps: first, to 
secure general illumination by so placing the lamps that 
you may see with comfort anywhere in a room; second, 
in cases where a bright light is not necessary throughout 
a room illumination can be planned, placing the lights 
where they will be most used, always remembering that 
it will not do to localize light too much, since you need 
for comfortable seeing a fair quantity of light broadly 
distributed. 

(To Be Continued.) 


Lesson No. 10. 
Axle Lighting 


We realize that the troubles of the axle light man and 
those of the electrician in charge of headend system are 
so different that as a general thing the axle light man 
is not much concerned about what the headend man is 
up against and the headend man don’t care to worry 
about the things that make the axle light man scratch 
his head. 

Maybe some of the headend boys have felt that the 
last two lessons were alittle out of their line. That is 
probably true, but from now on we are going to carry 
two separate departments in this course, one intended 
for the axle light man, and the other for the headend 
plectrician. =. ' 

The man who has been in the axle light game since 


the early days of the art will realize better than anybody 
else what a great number of different types of machine. 
and regulators have been brought out. The younger man, 
the fellow who has come into the game during the past 
two or three vears will probably not even make a blutt 
at fully understanding all of the equipments operated. 
Maybe he gets a pretty good idea of one or two of the 
types most generally used, and with a superficial knowl- 
edge of the others lets it go at that; but it is the purpose 
of these lessons to tell all of the boys about all of the 
different kinds of car lighting devices. 

There are a good many old type “A” Consolidateds still 
in service, so we are going to-start with that equipment 
this month and take up each of the various types, each 
in the order that they were brought out, ending up with 
the newest voltage-current type of regulators. 

If there are any points we don’t make plain, we hope 
some of you boys will call us. We will be glad to do 
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our best at answering any of the questions put up to us. 


CONSOLIDATED TYPE “A” EQUIPMENT. 

If you will refer to our September lesson, you will see 
that we there divided all axle systems in the following 
classes. 

1. Belt slip type. (Stone system) 

2. Armature reaction type (Rosenberg generator 
used in Europe). 

3. Differential series field. 

4. Variable resistance in shunt field. (This includes 
all of the equipment used in U. S. today, and they oper- 
ate on either of the following three principles: 

(a) Generator current control, (b) Battery current 
control, (c) Combination generator current and voltage 
control. 

The type “A” Consolidated is of the constant gen- 
erator current control class, as the regulator operates 
so as to maintain the generator current at a certain num- 
ber of amperes regardless of train speed. 

The generator is of bipolar, simple shunt wound type, 
and is provided with self-oiling bearings. The generator 
case is of a square corner, box type with suitable hand 
holes for inspection and repair. The bottom of the 
generator is pivoted on a rocker pin which is supported 
by a cradle as shown. A single tension spring is applied 
for maintaining proper speed tension. There is a heavy 
iron bar fastened to the bottom of the generator which 
engages a vertical tension spring. Tightening the 
spring presses down on the bar and causes the generator 
to rock slightly away from the axle, which tightens the 
belt. It should be noted that the generator does not 
slide at all in the cradle but merely rocks on this rocker 


pin. 

The field pieces of the generator 
are made up of laminated sheet 
iron, but there are a few sheets of 
hard steel inserted so that there 
will always be some magnetism in 
the generator field even when the 
car is at rest. This will then cause 
the generator to always build up 
in the right direction. If these 
sheets of hard steel were not used 
the magnetism of the generator 
might disappear entirely when the 
car stopped. In fact, there might 
be a slight magnetism in the wrong 
direction due to the earth’s mag- 
netism for some local cause such 
as being near a power plant, and 
when the car started on its run 
and build up for the first time, the 
voltage might be in the wrong di- 
rection; then when the automatic 
switch closed both generator and 
storage battery would short circuit 
other. 

The pole changer is of the worm geared type. A 
small steel worm is cut on the end of th generator 
shaft, and this engages the brass gear on a shaft mount- 
ed crosswise. On this small shaft there is also mounted 
a special cam device which is so designed that if the car 
ig run in the reverse direction it will force the cam fol- 
lower into another groove. This throws over a switch 
which reverses the connections of the generator cov- 
ering only a period of about 15 seconds, and although 
the worm gear operates all the time the generator is run- 
ning there is very little wear as there is no power. trans- 
mitted. This type pole changer is still used today on 
new type generators manufactured by this Company. 


right through each 
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Automatic Switch. 


When the train pulls out of the terminal the first thing 


that happens is that the pole changer throws over and 
gets the generator in line to develop the correct polarity, 


, 


then as the speed increased the voltage gradually raises — 


| 


wv, 


Fig. 40. Wiring Diagram, Consolidated Type “A”, 


Fig. 41. 


Consolidated Type “A” Generator. 


until the train gets up to a speed of about 15 miles per 
hour. The generator is then developing about 30 volts 


on a 30 volt system, and this is sufficient to generate | 


enough magnetism in the shunt coils of the automatic 
switch (See Fig. 40) to cause them to pull up and close 
the switch at “H.” 


It should be noted that .the automatic switch has 


four separate coils, two shunt coils which 


are 


wound with fine wire and connected permanently across — 


the generator terminals, and the two series coils wound 
with heavy wire through which the total generator cur- 
rent passes. ; 


| 
—- | 
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This lifts up when closing the switch and drops 
down when opening. An adjustable lock nut makes it 
possible to raise or lower this switch arm carrying the 
shunt coil. If it is set higher so as to give a smaller air 
gap between the two poles the switch will close at a 
lower voltage, but if the lock-nut is adjusted so as to 
lower this arm and open the air gap wider, it will re- 
quire a higher generator voltage to lift the shunt coils 
and close the automatic switch. 

After the generator. reaches a speed of 15 miles, the 


automatic switch closes. and connects the generator in 


parallel with the battery. across the lamp circuit. 

If the battery voltage happens to be slightly lower 
than the voltage of the generator as it cuts in, the gener- 
ator will assume all of the lamp load and possibly charge 
the battery slightly. This will cause a heavy current to 
flow through the series coils of the auto switch which are 
wound so that when the current flows in a charging di- 
rection the magnetism of these coils will add to the mag- 
netism of the shunt coils and pull the switch up soiidly. 

If the battery voltage happens to be equal to the gen- 
erator voltage when the automatic switch closes, there 
may be very little or no current flow from the generator 


Fig. 42. 


Regulating Panel and Automatic Switch. 


at first, but as the train speed raises a little higher, 
the generator voltage will increase two or three volts 
higher than the battery voltage, and it, will assume the 
entire lamp load and possibly charge the battery. 

When the train slows up for a stop and the train speed 
falls again to the cutting in speed of 15 miles per hour, 
the generator voltage will be just about equal to the bat- 
tery voltage, and gradually shifts the lamp load over to 
the battery. As the speed falls a little lower, the genera- 
tor voltage will fall below that of the battery and the bat- 
tery will then tend to motor the generaor causing a cur- 
ren to flow in the reverse direction ; but this reversed cur- 
tent flows through the series coils of the automatic 
Switch and develops a reversed magnetism in these coils 
which neutralizes the magnetism of the shunt coils and 
causes the switch to drop open. 

If it were not for this action of the reversed magnet- 
ism in the series coils, the shunt coils might cause the 
automatic switch to stick shut when the train slowed 
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down, causing a very serious discharge of the battery 
through the generator. 

It often occurs that on long divisions when the train 
is sometimes running for hours at a speed of about 15 
miles the generator may not be able to charge the bat- 
teries at all although the automatic switch may be closed. 


The Generator Regulator. 

The regulator as shown in Fig. 40-42 operates so as to 
deliver constant generator current at all times that the 
train is cutting in speed with the automatic switch. The 
total generator current passes through the heavy wind- 
ing of the regulator coil “S.” Inside this regulating 
coil is an iron plunger which projects 3 or 4 inches 
above the top of the coil, and is held up by the pull of 
an adjustable spring. A small motor “M” operates 
all the time the automatic switch is closed and through 
a worm gear drive “P” causes the two little dogs “R” 
to rock back and forth continually. <A field resistance 
with commutating segmentsis mounted on the board 
and in place of the usual hand adjusting wheel there are 
mounted ratchet-wheels. One set to turn the resistance 
arm in the right hand direction, and the other in the left 
hand direction. Each of the two little dogs are adjusted 
to operate one of these ratchet-wheels, but they are 
normally kept from engaging the ratchet wheels by 
means of the two guides. 

The magnetism generated by the current flowing 
through the regulating coil “S” pulls the plunger 
downward but this is balanced by the upward pull of an 
adjustable spring. If the generator current increases 
above normal value however, the magnetic pull down- 
ward on the plunger overcomes the pull of the spring 
and lowering the guides permits one dog to engage 
its ratchet-wheel and slowly pull the resistance 
arm “Q,” cutting resistance in to the generator field cir- 
cuit. This of course:lowers the generator voltage until 
the current generated falls to normal value, when the 
spring again balances the magnetic pull and raises 
the guide and ratchet dog so as to stop further 
motion of the resistance arm. If ‘the speed falls 
and the generator current through the coil “S” is re- 
duced the reverse operation occurs, the lower dog en- 


- gages that ratchet wheel and cuts out generator field 


resistance raising the generator voltage to normal field 
value, 


Lamp Regulator, 

The lamp regulator of this equipment is simply a 
fixed resistance which is inserted by a cam device when 
the first few segments of the generator field resistance 
are cut in. 


Principles of Operation. 

The principles of operating this equipment can best 
be understood by refering to the curves of an actual 
test conducted some time ago by the writer. 

It should be noticed that these curves show portions 
of an all night run giving one hour’s operation in the 
evening with all lights on, 14 hour operation at about 
11 P. M., with half the lights on, an early morning run 
for 2 hours with about %4 of the lights on, and later 
a half hour run with no lights on. The first thing I 
wish to call your attention to is the fact that the gener- 
ator current remains practically constant at 42 amperes 
regardless of what the train speed is or how many lamps 
are turned on. It should be noted that when the lamp 
current or line current, as it is labeled, is reduced from 
an average of 32 amperes to 16 amperes, the battery 
current increases. from 6 amperes to 22 amperes. As 
the lamps are turned off the current which those lamps 
took must then go into the battery.,, 
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It should also be noticed that the generator voltage 
at the beginning of the test averages about 38 volts. 
This later arose to 42 volts, and in the morning was 
operating at 46 volts. This shows the rise in battery 
charging voltage. 

As a matter of fact, the average battery charge was 
197 ampere hours, while there was only an average dis- 
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charge of 50 ampere hours. Without doubt the battery 
was fully charged by 2 A. M., and from that time until 
7.10 A. M., when the lights were cut off the battery 
was overcharging at the rate of 28 amperes. 

This clearly demonstrates that the regulator of this 
equipment was set too high. 

These curves also show that the “line” or lamp voltage 
raises with the generator voltage. That is, it starts at 


32 volts and gradually raises during the night from 33 
volts to 43 volts in the early morning. This plainly 


shows up the faults of the old fixed resistance type lamp . 


regulator. As the number of lamps were decreased in the 
middle of the night, the voltage drop consumed in the 
lamp resistance would decrease proportionately so that 
when the battery became charged this high overcharging 
voltage would come almost directly on the night lamp 
circuit. These lamps were very badly. blackened. 


It must be remembered however, that this was in the 


days before our present lamp regulators were on the 
market; but it shows the way that an axle equipment 
without a special lamp regulator strains the lamps. 

It should also be noticed that the higher the train speed 
the less field current required. When the train averaged 
around 60 miles per hour the field current was approx- 
imately 2:5 amperes, while a train speed of 40 miles per 
hour the field current increased to about 4 amperes; 
while with a train speed of 30 miles per hour the field 
current was 5% amperes. 


Important Results of Test. 
Chicago to Kansas City. 


Gta clic. OF Win 1p ee erent oe eho 14 hrs. 10 min. 
Total time of generator operating ....11 hrs. 35 min. 
Total time Generator, not operating. . iit 25hts) 3 Sea 
Total time Stops 1 hr. 22 Yam. 
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Total time Generator running dead..... 1 hr. 13 xter 
Total time Lights on Batteries PRA ict. 2 hrs. 35: mim 
Total Generator WG TEab ie. 7. 5) aang er 19.6 k.w. hr. 
Hota Lamps GONSWUP HON gare ales vs ssc alee c 8.38 k.w. hr. 
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Potal-Battery: Charge i. ud, aa eee 208. amp. hrs. 
TLotal*Battery, Discharge ict. eee ..49 amp. hrs. 


Kansas City to Chicago. 


Wotaletime’ Of trip 22.692 ee, ee 13 hrs. 42 min, 
Total time Generator operating...... .10 hrs. 55 min, 
Total time Generator not operating.... 2 hrs. 47 min, 
‘otal itime sof (stopste sewer erates 1 hr. 24 min, 
Total time Generator running dead.... 1 hr. 23 min, 
Total time Lights on Batteries/....... 2 hrs. 47 min. 
Total’ Generator (Output. 4.2 eee 19.2 k.w. hr, 
Total Lamp’ Consumption ... 402 ese 7.28 k.w. hr, 
Total Battery -Charge/....0.). See 185 amp. hrs. 
Total, Battery Discharge’ .<:*51). =e eee 50 amp. hrs. 


Above readings are corrected for loss in test connec- 
tions. Average generator is 80 per cent. 

Assuming a battery efficiency of 50 per cent. to cover 
battery losses and emergencies, the average ampere dis- 
charge per trip of 50 ampere hours would require an 
average charge of 100 ampere hours. As a matter of 
fact however, the battery was receiving an average of 
197 ampere hours which meant a destructive overcharge 
of 97 ampere hours every night. As the generator 
operated approximately 11 hours, this meant that the 
generator was set 9 amperes too high. It should have 
been set for 33 amperes instead of 42. 


Practical Stunts. 


To the Editor: 

As an example of one of the dam-fool connections 
that a fellow can make if he isn’t careful; the 
writer accidentally connected the wire that should go 
from the shunt coil terminal of the automatic switch to 
the field side of the resistance unit of an old type “A” 
Consolidated instead of connecting it direct to the gener- 
ator lead as customary. The machine would pick up 
O. K., and the automatic switch would go in properly, 
in fact, it would work fine. until the train got up to a 
speed of about 40 miles, when the automatic switch would 
drop out and the field regulator work back to the dead 
position. When the field resistance was about all cut 
out, however, the automatic switch would go back in 
again with a bang and for a minute or so the equipment 
wou!d operate O. K., when the automatic switch would 
again drop out, etc. 

One man who should have known better got into this 
trouble and was sorely puzzled at the freaky action ot 
the regulator and automatic switch, and came near 
dismantling the regulator completely, when all that was 
required was changing one connection. 

It is a good scheme to stop and think at least once 
before using tools. 

Annonymous. 


To the Editor :-— 

In your October issue I read with a great deal of 
interest the answer you gave to my questions of recent 
date. I do not think, however, that you have made my 
point entirely clear in the case of buckled or shorted 
plates. 

When this takes place we all know that the tree of 
lead, as you call it, forms and is very small at first, but 
if allowed to remain increases to a large size. This 
naturally discharges that particular cell. 

As I understand it a cell discharged normally, bring- 
ing the electrolyte down with it in proportion to the dis- 
charge, can be brought back to normal by charging. 
Where a cell is dischar ged abnormally, however, as men- 
tioned above, is there any chemical action takes place. 
that kills the acid, bringing it down to 1150 specific grav- 
ity. Is the electrolyte dead from this chemical action? 

Now then, suppose I have such a case and I remove 
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the shorts from the elements, what would you say about 
using this same electrolyte over again? Can it be 
brought back to 1220 specific gravity by charging? What 


we have usually done is to throw the electrolyte away 


and supply new electrolyte of 1220 specific gravity, so 
as to give the cell a new start—Harvey Davis. 

Answer. Whenever a cell discharges there is a 
chemical action goes on, the lead and lead oxide in the 
plates turning to a soluble lead sulphate. If the cells 
are allowed to stand very long the insoluble lead sulphate, 
may change to insoluble white lead sulphate which 
is very hard to break up, the plates are thenessaid 
to be “sulphated.” As you say, when a cell discharges 
it reduces the gravity of the electrolyte, but this is 
brought back to normal by charging the battery. The 
same is true of the white sulphate. You can bring the 
cell back to normal gravity if you charge it long enough 
so as to break up the sulphate compound into active 
material and acid which goes back into the electrolyte. 

As to giving the cell a “new start” by throwing 
away the old electrolyte of low gravity and adding 
new of 1220 gravity, I would say that this is very 
bad practice, for if your plates are badly sulphated 
the first thing to do is to break up that sulphate and 
get the acid out of the plates back into the electrolyte 
by charging. If you add stronger acid and then put 
the equipment in service it will probably go from bad 
to worse. If even though it is fulby charged on the 
road the acid held in the plates in the form of white 


sulphate will increase the strength of the electrolyte 


to 1230 or possibly 1235, and this is mighty bad prac- 
tice. The plates are much more apt to sulphate 
where acid as strong as this is used. —FEditor. 


Head End System. 


Most headend trains are now equipped with some kind 
of a storage battery auxiliary to furnish light at division 
points or any other time when there is no available steam 
to drive the turbine. These batteries are usually charged 
on the road by the train lighting set. 

We all know that it takes a much higher voltage to 
charge a storage battery than the battery will give on 
discharge. In other words, if you have a 64 volt system 
it will take approximately 80 volts at the hatteries to 


Ammeter |!4 reads Total Load 
n 16 » 


Fig. 44, 


fully charge them. This, of course, is altogether too 
high for the lamps, so there must be some provision 
made for charging the battery without injuring the 
lamps. 

There are four different ways of doing this. 

1. Batteries and lamps on separate lines with an 
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Lamp Load only. 
DIAGRAM OF WIRING -HEAD END LIGHTING 


Wiring Diagram, C. 
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adjustable hand resistance in lamp circuit. 
used on the C. M. & St. P. Ry.) 
2. Small battery in every car partially charged on 
the road with full charge at terminals. (Nor. Pac. Ry.) 
3. Full size battery on baggage car, diner and ob- 


servation car, charged by cutting the battery. in two 


(This is 


CMB STR. RX 
8.24 10 


Fig. 45. 20 Kilowatt Turbo Generator In Baggage Car. 
parts and placing the two halves in parallel across the 
train line with resistance. (Harriman Lines.) 

4. Individual lamp regulator on every car. The 
generator can then be raised to full charging voltage as 
desired. (Bea.@:) 

We are going to take these different systems up one 
by one and study each one up pretty carefully. 


Lamps and Batteries on Separate Circuits. 


C. M. & St. P. Ry. 


The three wire train line is divided so as to give 


M. & St. P. Head End System, 


two separate circuits, one carrying the batteries, and the 
other carrying the lamps. This is effected by pulling 
down the loop at the rear of the train and throwing a 
switch-in the baggage car which places the lamps on 
one circuit and the batteries on another. By inserting 
this extra loop in the forward end of the train and open- 
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ing the loop in the rear car, the train wiring is changed 
from the regular 2-wire equi-potential system as ordi- 
narily operated, to two separate 2-wire systems, having 
a common conductor. In this particular train they use 
the positive of the 3-wire system for the common con- 
ductor. 

The storage batteries are connected between this com- 
mon positive and what is normally the generator nega- 
tive, the center wire of the train connector, while the 
lamps are placed between the two outer wires of the 
train line as is common practice in this service. 

A variable lamp resistance is inserted in the lamp cir- 
cuit by which the train electrician may maintain the 
lamp voltage constant while the generator voltage may 
vary to any desired value in charging the storage bat- 
teries. 

The operation of the equipment is as follows: 

Leaving Chicago at 5:00 P. M. all lamps in the seven 
cars burning. The dynamo voltage is maintained at 70 
volts and the lamp voltage at 65. The train line wiring 
is connected as in the ordinary equi-potential 3-wire 
system. The generator load at this time is about 110 
amperes. At 11:00 P. M., when the lamp load falls to 
40 amperes, the attendant throws the loop switch in the 
baggage car and then goes to the rear of the train and 
opens the rear loop. Returning to the baggage car he 
raises the generator voltage until the current tlow of 
120 amperes is obtained. Simultaneously the variable 
lamp resistance is inserted in the lamp circuit maintain- 
ing the lamp voltage at normal value. 

Inasmuch as the lamp current at this time is approxi- 
mately 40 amperes this generator current of 120 amperes 
provides approximately 26 amperes to each of the three 
batteries. As the charging proceeds the dynamo volt- 
age is maintained constant at 78 volts, the battery cur- 
rent falling off as the charge progresses. 

Batteries are tested for gravity both at Kansas City 
and Chicago, and if found low instructions are given to 
correct same by heavier charge next trip. 

A slight change in the equipment is contemplated 
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which will materially improve its operation in that an — 


automatic loop switch in the rear of the car will be in- 
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installed which will automatically close when the gen- 


erator becomes inoperative, thereby providing two paths 
for the discharge flow of the battery current: one 
through the forward train loop and one through the 
rear. This will serve very materially in maintaining 


more constant lamp voltage and accordingly better oper- — 


ation of equipment. 

It might occur to some that in operating the lamps 
on a 2-wire system the lamp voltage would fall off 
considerably at the rear of the train. 
cial test in this regard has been made and was found 
that the actual difference in the voltage between that in 
the baggage car and observation car was only two volts, 


However, a spe-. 


and this occuring in the middle of the night, when a © 


slight variation in lamp voltage is not so noticeable. 
Similarly it might appear that there would be a sim- 

ilar objection in regard to the charging of the batteries, 

in that the batteries in the forward part of the train 


would receive a higher charging voltage than those in — 


the rear. This, while theoretically true, is of such a 


small value and the condition of operation of the equip- — 


ment so variable that this can practically be disregarded 
entirely. 

A voltage test on the battery charging line failed to 
indicate any appreciable difference in voltage at the 
three battery terminals, this difference being less than 
1 volt. However, this is hardly a fair criterion in this 
regard, inasmuch as all three of the batteries were locat- 
ed in adjacent cars at the rear of this train. A greater 


variation in battery terminal voltage would of course be | 


experienced when the batteries are located at opposite 
ends of the train. 

This difference in final charging voltage required by 
any two different batteries, however, will vary consider- 
ably and accordingly the objection to the operation of 
this equipment on the grounds of non-uniformity of 
battery voltage may be more imaginary than real. 

(To be Continued.) 


United States Postal Car Illumination 


A talk by ARTHUR J. SWEET before Convention A. R. E. E. 


In addressing myself to my subject, I shall for the 
moment assume the part of a purist in the use of Eng- 
lish and say that while the committee have assigned me 
to speak on the subject of “United States Postal Car 
Lighting,’ I shall speak on the subject of “United States 
Postal Car Illumination.” Strictly speaking, the science 
of lighting begins with the generation of the electrical 
energy or of the gas and ends with the production of 
light. The science of illumination, on the other hand, 
begins with the production of light and ends in the sa- 
tisfactory achievement of that sensation we call vision. 
In the field of lighting I should speak before 
you with a good deal of diffidence, for I have only 
a good general knowledge of the problems of that field 
and of the considerations upon which their solution de- 
pends. In the field of illumination, however, and par- 
ticularly in the field of postal car illumination, I can 
address you with a good deal of confidence; for it has 
been my opportunity and privilege to study with abun- 
dant resources at my disposal, not only the purely tech- 
nical and scientific but the practical and commercial 
aspects of the problems in this field. 

The subject of postal car illumination is one which 


which by its definiteness, may well delight the heart of 
the true engineer. 
ing around the matter of maintenance, there are no im- 
portant problems in postal car illumination regarding 
the solution of which a difference of opinion can legiti- 


Barring one or two questions centre- 


mately exist among engineers, once the fact data on the 


subject is presented for consideration. 

The major tundamental requirements of postal car 
illumination are two. First and most important, the 
illumination must be of a character to permit the un- 
usually severe visual work of the postal service to be 
performed with the very minimum eye fatigue and re- 
sultant eye strain. Second, the efficiency at which the 
illumination is produced must be the very highest con- 
sistent with the sufficiently adequate meeting of the re- 
quirement just stated above; for the demands upon the 
battery and gas supply are very severe, both in the mat- 
ter of heavy load and long hours, while the importance 


of reducing failure to as absolute minimum is greatly 


increased. 

There are other important though unquestionably 
minor considerations such as the desireability of an 
equipment involving minimum maintenance attention; 
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of an equipment involving minimum cost of initial in- 


stallation; of an equipment involving minimum breakage 
with resultant maintenance cost. But these latter consid- 
erations cannot, under good engineering practice, be per- 
mitted to interfere with the attainment of the two ma- 
jor requirements expressed above. ‘The question of 
artistic effect, a question at the present time unduly at 
the mercy of individual taste and whim, fortunately does 
not in the least enter into the problems of postal car 
illumination. 

As engineers facing the problems of postal car illu- 
mination, we must, in view of the above considerations, 
first address ourselves to the question as to what condi- 
tions of installation will permit the eye to operate at 
highest efficiency, and with minimum fatigue after long- 
continued periods of work. ‘This initial question splits 
itself iuto four separate and largely indendent prob- 
lems,—the avoidance of objectionable shadows, the 
avoidance of excessive light in the eye, the avoidance of 


specular reflection from the mail matter, as sorted — 


and the provision for an adequate but not too high in- 
tensity of illumination. Let us consider each of these 
problems. 

In all classes of service, postal, office, or any other, 
the avoidance of objectionable shadows depends, in the 
case of any direct lighting system, upon the proper 
placement of the light units and not upon the character 
of the light unit or reflector. 

The standardization of the construction of the U. S. 


_ postal car makes the determination of the best location 


of light units in order to avoid objectionable shadows 
a particularly easy problem. In the sack rack portion 


of the car, we must avoid any shadows on the labels of 


the rear sacks, cast by the projecting paper boxes above. 
This at once determines that we must place the units 
on the centre line of the car, as otherwise we would 
have to drop the units too low in order to a shadow on 
the sack labels. It is impossible to entirely avoid an 
objectionable shadow, cast by the body of the postal 
clerk, in all positions in which he may place himself in 
the course of his work. But since the clerk stands just 
back of the centre line of the car, the placement of the 
units on the centre line minimizes to the best possible 
degree the extent to which the shadow cast by the body 
becomes objectionable. In the letter case portion of 
the car, we must avoid any shadow on the letter cases 
or upon the apron in front of the cases, cast by the 
postal clerk working at these cases. Lighting units 
placed very far away from the face of the letter case 
causes the postal clerk to interpose his head and body 
between the light source and the letter case, which, 
naturally, results in objectionable shadows. It is there- 
fore necessary to place the letter case units very close 
to the face of the cases. 
The distance is really determined by the width of 
apron in front of the case. That determines where the 
clerk’s head comes and, therefore, determines the point 
where the light should be placed. The distance is twenty 
inches from the base of the case with the present stan- 
dard length of apron. With units placed down the cen- 
ter of the car and letter case units placed twenty inches 
in front of the letter cases, there will be no seriously 
objectionable shadows. This changes, as you realize, 
the practice of several roads. One railroad I happen 
to have in mind, places a line of fifty watt units about 
a foot off the center of the car, the idea being, evidently, 
that this will avoid shadows better than if they placed 
them on the center line. I find from practical experi- 
ence in railroad service, as well as having tried some 
experiments, and from theory, that this does not work 
out satisfactorily; neither does the system of putting 


RAILWAY ELECTRICAL ENGINEER 


197 


two lines of small sized units down the center of the 
car work out satisfactorily. 

Turning to the question of light in the eye. We 
know, from our researches on this subject, that light 
emitted by a bare lamp, or even the diffused light about 
a reflector, with the reflector surrounding the lamp, has 
an effect in cutting down the efficiency with which the 
eye works. For instance, if I turn this desk light so 
that its rays fall directly in my eyes, the clearness with 
which I can see is materially decreased. Research made 
on this subject indicates that this is the case, even if I 
frost the lamp, or if I surround it with opal or prisma- 
tic glass or with any kind of diffisuing medium. It is, 
therefore, in so far as the postal clerk may look up and 
down the car in working, objectionable to have a light 


unit which emits a large amount of light towards the 


eye. We may say the clerk keeps his eyes down on the 
work and there is no importance in the fact that the 
light emits a large amount of light towards the eye, 
but this is a condition which only exists theoretically. 
In actual practice the mail clerk turns around to throw 
papers in the sacks behind him, or looks up and down 
the car to a greater or less degree, and the presence of 
a unit which emits a large amount of light above the 
angle of fifty degrees, or sixty degrees at the highest, 
is objectionable on that account. 

In the matter of speculator reflection we are, through- 
out the illuminating engineering world, just beginning 
to realize the immense importance of obtaining a thor- 
oughly diffused illumination. When we have a mirror 
before us we don’t see the mirror, we see the object 
mirrored. The mirror itself is invisible. If there is a 
light shining directly in the mirror, and I hold the mir- 
ror here, I see the. light in the mirror. Now let us 
suppose, instead of having a mirror before us we have 
an ordinary printed sheet with little mirror specks, lit- 
tle specks of silver we will say, scattered over the sur- 
face. We read the letters, but we are getting sent into 
the eye, along the line of vision, some very intense 
beams of light. The etfect is such as to cut down the 
effectiveness with which the eye works, to increase fa- 
tigue and, if long continued, to produce permanent eye 
strain. Now a glazed paper acts like such a paper as 
I have described, with little specks of mirror scattered 
over it; even the most diffused paper that can be used 
is not entirely immune. I am not speaking of blotting 
paper because that couldn’t be employed in practice, 
but take the very diffused surface of a newspaper, still, 
sometimes, there is a good deal of specular retlected 
light entering the eye. To avoid the evil which is inci- 
dent to that, we should work with the greatest diffuse- 
ness of illumination possible. The greatest diffusion 
that is practicable would be obtained by an indirect 
lighting system; the next most satisfactory would be 
with a direct lighting system, with the light derived from 
reflectors whose interior surface is either depolished 
opal glass or of such’character that the entire interior 
surface reflects the light rather than the view of the 
light source. The worst condition, for lack of diffuse 
illumination, is that given by a mirrored reflector, (and 
the enameled metal reflector, so well known in postal 
car service, is a close second.) It is then a very im- 
portant requirement, if we are to avoid eye strain, to 
obtain diffuse illumination. 

The fourth requirement is that of getting adequate 
intensity. In illuminating engineering practice, and 
theory, one of the most important reasons for consider- 
ing the question of intensity arises from the fact that 
the required intensity varies according to the diffuse- 
ness of the illumination produced. If we have an illu- 
mination which lacks diffusion we require a consider- 
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ably higher intensity for adequate vision than we do 
with illumination which is very diffuse. Even, however, 
if we provide that greater intensity of illumination 
which may be required with a known diffuse system, 
we do not, except for momentary values, get equally 
good results. The reason we require more illumination 
is that the eye is working at the least efficient state and, 
therefore, will produce a greater amount of fatigue 
although momentarily we may obtain greater results. 

The intensity of illumination in general practice varies 
between two and three and a half foot candles, different 
authorities estimating differently for close work. Re- 
‘cent researches, made with particular reference to the 
most correct light, indicate two and one-fourth foot 
<andles as a minimum that is satisfactory for continued 
work and three and one-half as an ample value. 

The meeting, then, of the first requirement of postal 
car lighting, that of producing a condition favorable to 
the maximum efficiency of the eye with minimum eye 
strain, will be accomplished if first we place our main 
light units in the center line of the car, thus avoiding 
shadows, and placing letter case units twenty inches 
from the letter case; if we choose a reflector which 
sends a minimum amount of light into the eyes; if we 
choose a unit which produces as diffuse reflection as 
possible; and finally if we provide enough units, or units 
of sufficient size, so that we have an intensity of at least 
two and one-fourth foot candles under all conditions 
of service, at all points where close work is to be done. 

Turning then to the question of efficiency. The effi- 
ciency, of course, varies very considerably with the dif- 
ferent types of reflector employed. The efficiency of 
generation, the efficiency of utilization, and eye efficien- 
cy are all of great importance. Efficiency of generation 
is not the purpose of this paper at all. That is the 
problem that the incandescent lamp manufacturer and 
the manufacturer of gas lighting appliances is primarily 
concerned with. We have, however, the other two effi- 
ciencies that the illuminating engineer is more particu- 
larly, and directly, concerned with; that of utilization, 
the efficiency with which your light energy generated is 
carried from one point to another, which means to the 
point where the light is to be used; and then, finally, 
this question we have already discussed very briefly, 
eye efficiency. i 

The efficiency with which light is to be translated to 
the point where it is to be used, that is, from seven or 
eight feet above the floor to the plane where it is going 
to be used, depends upon the particular translating de- 
vice, in other words, the reflector employed. The most 
efficient type of reflector, considering only the delivery 
of maximum light energy at the point where it is de- 
sired to be used, is the mirrored reflector. In postal car 
service the mirrored reflector will deliver, on the plane 
where it is to be used, sixty-two per cent of the total 
light flux of the lamp. .That is to say, for every hun- 
dred lumens generated by the bare lamp, the lamp with- 
out reflector, sixty-two of those lumens will later be de- 
livered on the plane forty-six inches above the floor. 
That represents the highest efficiency that we know, to- 
day, how to produce. 

Next in efficiency comes the prismatic clear reflector. 
The prismatic clear reflector delivers fifty-five per cent 
of the light, generated by the bare lamp, upon the plane 
of utilization. 

With a heavy density opal reflector especially de- 
signed for this service, we can deliver fifty-two per 
cent on the plane of utilization. I will later show you 
that it does not follow that any heavy density opal re- 
flector will deliver fifty-two per cent. Neither will the 
figure fifty-five per cent for prismatic reflectors apply 
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to every prismatic reflector. A change of only three 
fourths of an inch in the zone of position may cause 
the loss of as much as seventeen or eighteen per cent 
in the amount of light delivered; but I am giving you 
figures indicating the best that can be accomplished with 
the different media in the present state of the art, and 
indicating not only the best, but what is generally ac- 
complished by the existing reflectors, and existing pris- 
matic reflectors give fifty-five per cent, and the best 
heavy density opal reflectors will give fifty-two per cent. 

I might interject, here, the comment that in speaking 
before you I am using the term opal reflectors to in- 
clude all reflectors covered by the various trade names 
which have “milk-glass” and “white-glass’” and terms 
of that sort. Some of those reflectors differ chemically 
from others; they all act physically exactly the same 
The physical laws of the light action of those different 
reflectors are identical, and they differ, of course, only 
according to the density of the reflector; that is to 
say, the results will differ according to density in rela- 
tion to the glazing of the reflector, and according to the 
whiteness-of the particles; but the physical laws goy- 
erning the operation of milk glass, white glass, opal 
glass, opaline glass are identical, and, therefore, for all 
practical purposes in illuminating engineering they can 
be classed together, however much they may differ in 
chemical characteristics, and however much they may 
differ in artistic appearance. 

The aluminumized metal reflector will deliver forty- 
four per cent of the generated light flux on the plane 
of utilization. You see we are dropping along here 
very materially; sixty-two per cent mirrored reflection; 
fifty-five per cent prismatic; fifty-two per cent heavy 
density opal, and now forty-four per cent for the alu- 
minumized metal reflector. The best medium density 
opal reflectors which are today developed for postal car 
lighting service will deliver forty-three per cent of the 
total generated flux. The poorest reflector of the me- 
dium density opal type with which I am familiar, that 
has been applied to car lighting, will deliver thirty-nine 
per cent of the total flux. The prismatic satin finished 
reflector delivers thirty-nine per cent; in other words, 
a satin finished reflector is equivalent to about the poor- 
est medium density opal reflector. 

The light density opal reflector delivers forty per 
cent, there being only one type that is particularly ap- 
plied to car lighting at the present time. ; 

The porcelain enameled reflector delivers forty per 
cent of the total generated light flux on the plane of 
utilization. You will recall that the alminumized me- 
tal reflector delivers forty-four per cent; in other words, 
four per cent more than the enameled metal reflector. 

One type of heavy density opal reflector which has 
been: considered for car lighting work delivers only 
thirty-nine per cent of the total light flux. I give this 
figure to call your attention to the fact that a reflector 
may vary from thirty-nine per cert to fifty-two per 
cent in effciency with a media essentially the same; in 
one case the reflector is designed for the service and in 
the other case it is not. It is a huge mistake to think that 
all the science of reflector design rests with the mir- 
rored reflector or with the prismatic reflector. There 
is a large difference in the results that can be obtained 
with the opal reflector as well as with the other types. 

One type of reflecting and diffusing unit, which has 
been referred to by the manufacturers as a semi-indi- 
rect lighting unit, and particularly considered for pos- 
tal car lighting, delivers thirty-two per cent of the light 
flux of the bare lamp. That indicates about the lowest 
point of any truly indirect unit, thirty-two per cent; 
in other words, it indicates about the value that would 
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come from any opal or other diffusing unit. 


The bare lamp without reflector gives twenty-eight 
per cent of the total flux of the lamp. 

Indirect lighting will vary somewhat according to the 
condition of the headlining of the car and according to 


_ the particular type of reflectors used, but a fair general 


figure applying to the service would be twenty-five per 
cent. That represents the value obtained with what is 
ordinary called a white ceiling. With white ceilings 


-and white headlinings the co-efficient of reflection will 


practically never exceed seventy per cent and frequent- 
ly falls below sixty. 

Those figures will give you a general idea of efficien- 
cy values which we are concerned with in postal car 
lighting. You see that they vary from sixty-two per 


cent, in one case, with a reflector, to twenty-eight per 


cent with a bare lamp; in other words, we more than 
double the illumination, very considerably more than 
double the illumination, by the employment of a reflec- 
tor of the most efficient type, and even the least efficient 
type of reflector gives you about twenty-five per cent 
increase in illumination, in addition shielding the eyes 
from the light of the bare lamp. 

The question would naturally interest as as to 
whether or not the efficiency of the installation would 
be effected by the separation of light units. Suppose in 
one case we employed units separated five feet and in 
another case ten feet, with larger sized units, would 
there be a material difference in the efficiency of the in- 
I will say there will 
The difference would be 
that of about a per cent, in other words negligible; nor 


would there be any difference in efficiency due to the 


size of lamps. If we generate approximately two hun- 
dred lumens with the twenty-five watt lamp and employ 
twenty-six lamps, or if we generate four hundred lu- 
mens with the fifty watt lamp and employ thirteen 
lamps, we get practically identical illumination results. 
We also get very identical conditions in the matter of 
uniformity. Obviously there will be no difference be- 
tween the thirty volt and sixty volt lamps. The effi- 
ciency is not affected by spacing, the size of the lamps 
or the voltage of the lamps. 

It is interesting to note that the considerations already 
set before you in this meeting rather place a premium 
on the use of fifty watt rather than the small sized 
lamps. First of all, it has been shown that the require- 
ments are for units to be placed in the center line of 
the car. If we put units in the center line of the car, 
with twenty-five watt or fifteen watt lamps, we are 
obliged to make very close spacing. We have the same 
wiring difficulty, only with a double number of outlets. 
We have a double number of fixtures, or pehaps if the 
fifteen watt units are used we have stjll a larger num- 
ber. In other words, from a consideration of all points 
set forth, I believe there is a powerful incentive to the 
railway engineer to use fifty watt lamps entirely. Equal- 
ly good results can be obtained with fifteen watt or with 
twenty-five watt lamps, as far as illumination goes, but 
I believe that the advantages of going to a fifty watt 
system will outweigh the advantages of carrying two 


stocks of lamps, in the case of those roads that now 


standardize on other sizes than fifty watt. I would com- 


mend to the attention of those employing other than 


fifty watt lamps the very serious consideration whether 
it will not be at once desirable to adopt the fifty watt 
unit in all new cars, because of the advantages incident 
to the smaller number of light units. 

Turning to the question of minor requirements, we 
approach that very delicate subject of maintenance. I 
have very definitely expressed at the beginning of this 


r 


s 


RAILWAY .ELECTRICAL ENGINEER 


199 


paper my attitude on that subject. At the worst the 
maintenance cost in dollars and cents is a ridiculously 
small cost as measured against the importance of the 
work done on the system. That is not peculiarly true 
of postal car lighting, it is extremely true of industrial 
lighting. It is very true ot office lighting. It is true 
of all lighting where work for utilitarian purposes is 
done with light. The maintenance cost is insignificant 
beside the cost of the labor and material involved in 
the work under the lighting system. That being the 
case, it seems almost self evident that any money spent 
in maintenance, which will produce a material improve- 
ment in the service, is money well spent. In this par- 
ticular case of postal car lighting, the United States 
Railway Mail service may properly ask the railroads to 
look after a first class maintenance in order to make 
the conditions such as will give best results in the ser- 
vice in question. Of course, if a type of unit be used 
which gives a very diffused illumination and does not 
give much light in the eye, the service will not greatly 
suffer if the railway engineer gives a large factor of 
safety and counts on heavy depreciation before he looks 
after the maintenance of reflector equipment and the 
renewal of lamps. But the cost involved in so doing, 
the cost of additional fixtures, the cost, even small 
though it may be, of current involved, the cost features 
involved in giving that great factor of safety, are very 
large indeed compared with the costs involved in care- 
ful and adequate maintenance. 

Though I have individually given expression to my 
viewpoint on that subject to a number of people before, 
T wish to take this occasion again to recommend, in the 
maintenance of car lighting units. the cleaning of re- 
flectors separate from the car, and to recommend the 
proper equipment of those entrusted with the duty of 
cleaning the reflectors so that they can enter.a car with 
a load of clean reflectors and leave the car with a load 
of dirty ones, cleaning the reflectors at a separate point, 
without interruption to the service. 

Summing up the data, that we have already con- 
sidered in the light of first cost, the first cost of the 
unit, is of course greatest with either a mirrored or 
prismatic type of reflector. Those two types of reflec- 
tor represent greater cost in manufacture than any 
other type. A close second is the enameled metal re- 
flector. The various opal reflectors, and the aluminum- 
ized metal reflector are by the intrinsic cheapness of 
manufacture of much lower cost. The breakage of 
course will be the least with the enameled metal or 
aluminumized metal reflector. 

Summing up then the advantages of the different types 
we find that the mirrored reflector is the most efficient 
in delivering the light energy at the point where it is 
desired to use it, but the worst in point of giving diffused 
illumination, thus involving maximum eye strain. That 
one feature would probably discredit it for its general 
use in car lighting. The prismatic reflector is efficient 
for that service, but it is subject to breakage in hand- 
ling and cleaning; it involves a greater difficulty in 
cleaning than some other types, and it is certainly no 
better, probably appreciably poorer, than some of the 
best types in point of giving a diffused illumination. 
The best of the opal reflectors show up very satisfac- 
tory for car lighting except in the matter of breakage 
and the matter of delivering a certain amount of light 
in the eyes. The aluminumized metal reflector would 
seem to be, of all types, considered decidedly the best, 
striking the best balance between conflicting require- 
ments. It marks fourth in order of efficiency, appre- 
ciably above the opal reflector, and above the enameled 
metal reflector. It does not involve breakage. It gives 
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a very satisfactory type of illumination, and in short 
has only the one disadvantage of involving greater 
maintenance cost than such types as the enameled metal 
type. 

It would appeal to me that the solution, for the im- 
mediate present, of postal car lighting lay in the proper 
placement of units as already suggested; in the employ- 
ment for general service of aluminumized deep bowl 
metal reflectors; in the employment of enameled deep 
bowl metal reflectors only for that service where the 
dirt conditions are not normal but very excessive; and 
that it will be found of practical advantage to the rail- 
road fraternity to employ the fifty watt lamp in this 
service even in cases where the lamp is not at present 
standard on the railway system. (Applause. ) 


Discussion, 


Mr. Reed, Chairman of the Standard Car Committee 
of the Railway Mail Service, said that up to the present 
time every railroad system had built its cars according 
to its own ideas and the result is that we have a great 
variety of postal cars. The committee of which Mr. 
Reed is Chairman is appointed to draw up a standard 
specification both of construction, heating and lighting 
features, etc. 

He stated that in postal service there is nothing that 
becomes of so much importance as good effective illumi- 
nation. He said that operating reliability is the first 
essential. He said that effective illumination or ability 
to see to work is second. He said that in all probabili- 
ties the new specifications would require a dependabil- 
ity better than 99% based on the car movements, or more 
definitely, failures amounting to 2/3 of 1 % of the total 
car movements will undoubtedly be considered as maxi- 
mum. 

He said that the specifications would also cover the 
arrangement and the density of lights, the question of 
maintenance, in fact everything which would be im- 
portant in maintaining efficient light in postal cars. 

He said that in order to improve the day light illumina- 
tion they were placing a sky light in the roof of the 
cars over the letter case end. They are also closing the 
deck sash permanently and removing the cinder screens 
which greatly increases the day light illumination of the 
deck sash. . a: 

Upon being asked what he considered would be the 
basis for determining’ whether or not a light failure oc- 
curred Mr. Reed stated that this would be made on the 
basis of a reasonable efficiency that permits of carrying 
on postal work. 

Mr. Reed said that he considered that car lighting was 
of far greater importance than the average general 
manager is willing to admit. Mr. Reed was asked if 
this 2/3 of 1 % failure would apply to individual cars 
or on an average of all cars operated. He said that 
the average would be taken of cars operating over 
each of the railway mail divisions, for instance Pitts- 
burgh and Chicago on the Pennsylvania, Chicago and 
Cincinnati on the Big Four, etc. 

As to train lines Mr. Reed considered that they would 
make no specification, this wiring being done in ac- 
cordance standard practice of the railway company. 
Upon being asked whether or not these specifications 
would be retroactive, Mr. Reed stated that it would be 
entirely a question of policy for Congress or the Post- 
master General to decide. 

Election of Officers of A. R. E. E. 


The election of officers of the Association of the Rail- 
way Electrical Engineers was then taken up and the 
following officers were elected for the ensuing year. D. 
J. Cartwright, Electrical Engineer, Lehigh Valley, Presi- 
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dent; C. R. Gilman, Chief Electrician, Chicago, Milwau- 
kee & St. Paul, First Vice-President ; H. C. Meloy, Chief” 
Electrician, Lake Shore & Michigan Southern, Second — 
Vice-President; Joseph A. Andreucetti, General Fore- 
man, Chicago & Northwestern, Secretary and Treasurer, — 
The following Executive Committee was also elected: © 
L. S. Billau, Assistant Electrical Engineer, Baltimore & — 
Ohio; E. W. Jansen, Electrical Engineer, Illinois Cen- 
tral; F. E. Hutchison, Chief Electrician, Chicago, Rock 
Island & Pacific; C. J. Causland, Chief Electrician) 
Pennsylvania Railroad; Willard Doud, Shop Engineer, — 
Illinois Central, and W. A. Del Mar, Electrical Engineer, 
New York Central & Hudson River. Thé next annualy 
meeting will be held in Chicago and the semi-annual ‘7 
meeting in Atlantic City. 


Mr. D. J. Cartwright 
Mr. D. J. Cartwright, just elected President of the 
Association of the Railway Electrical Engineers, is a_ 
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D. J. Cartwright. ' 
Bostonian but we can forgive him for that for he has | 


been in the car lighting game since 1891. He installed 
a primary battery system of electric light on a railway 
coach on the B. & P. R. R. He took a special course © 
of electrical engineering in the Mass., Inst., of Tech. 

From 1887 to 1898 however, he was side tracked on 
general construction work and during the Spanish — 
War he was employed in torpedo defense work in Boston — 
and continued in that department until 1902 during which — 
time he had charge of all electric construction and sub- — 
marine work connected with Boston harbor and vicin- 
ity. 
The next few years were devoted to the development 
of some of his own electri¢al inventions both here and — 
abroad in connection with the operating of guns on 
board, ship, fuses for projectiles, internal combustion — 
engines and carburetors. 

From 1905 to 1907 he was elected in charge of car — 
lighting for the N. Y. & N. H. H. Ry. 1908 to date he — 
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has been with the L. V. R. R., and now has the title of 
electrical engineer. 

Mr. Cartwright is a good live wire and a man that 
does things so we can be sure that the Association 
matters are going to be carried on actively with D. J. 


in the chair. 
Godfrey H. Atkin. 
Godfrey H. Atkin newly elected President of the Rail- 
way Electric Supply Manufacturers’ Association is Man- 
ager of the Chicago Office of the Electric Storage Battery 


Godfrey H. Atkin. 


Company, Philadelphia, Manufacturers of the “Chloride 
Accumulator” and “Exide” batteries. Mr. Atkin has 
been connected with electrical business in the west since 
1890 when he joined the Chicago office of the Thompson- 
Houston Electric Company, afterwards merged into the 
General Electric Company. He has been with the Elec- 
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tric Storage Battery Company since 1902. He was born 
in England and although christened by his parents God- 
frey Harold he is generally known to his familiars and 
to his business associates as “Tommy” Atkin. He is 
also Vice Chairman of the Chicago Branch of the Elec- 
tric Vehicle Association and a member of the following 
clubs: 
Mid-day 
South Shore Country 
Chicago Athletic 
Royal Canadian Yacht Club of Toronto, Can. 

Mr. Atkin is devoted to Yachting and is the owner 
and skipper of the schooner “Nomad.” 
Election of Officers Ry. Elec. Supply Mfers. 

The election of officers of the Railway Electrical Sup- 
ply Manufacturers Association were as follow: G. H. 
Atkin, Chicago Manager of the Electric Storage Battery 


Evanston Yacht 
Chicago Yacht 


Geare, Fisher, Hersch, Andy and Cole, ° 
Co., President; C. W. Bender, Commercial Engineer, 


National Electric Lamp Association, Vice-President, 
East; Wm. F. Bauer, Chicago Manager, U. S. Light & 
Heating Co., Vice-President, West; Edward Wray, Edi- 
tor, Radway Electrical Engineer, Treasurer. The new 
Executive Committee is as follows: R. M. Newbold, 
Adams & Westlake Co.; J. M. Lorenz, Central Electric 
Co.; Otis B. Duncan, J. Lang Electric Co.; W. E. Balla- 
tine, Willard Storage Battery Co.; J. G. Van Winkle, 
Safety Car Heating & Lighting Co.; C. W.; Bender, 
National Electric Lamp Association; Geo. H. Porter, 
Manager Railway Sales, Western Electric Co.; B. L. 
Winchell, Jr., Chicago Manager, Kerite Insulated Wire 
& Cable Gorse J. Kennedy, Chicago.Manager, Con- 
solidated Railway Electric Lighting & Equipment Co. 
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The Visit to Burnside Shops of iinais Central R. R. 


On Friday afternoon, October 25, a large party of 
the members of the Association of Railway Electrical 
Engineers visited the Burnside Shops of the Illinois 
Central Railroad to inspect the main features of the 
electrification, with special reference to the recent 
large extensions. 

Originally these shops were operated by steam 
engines located at various places about the plant; 
then about 65 motors were installed to operate vari- 
Ous groups and individual machines, these motors be- 
ing for operation on a 250 volt direct current circuit 
and supplied from small generators in a centrally 
located engine room; and now about two hundred 


440 volt alternating current, three phase motors have 
been installed to give electric drive for practically 
everything in the plant. 

The party was in the care of Messrs. W. Doud, 
Shop Engineer, and E. W. Jansen, Elec. Eng. of the 
Road. The party first visited the car shops, passing 
through the paint shop and car repair shops. In one 
end of the repair shop is the car wheel shop in which 
the Westinghouse automatic controller for wheel 
lathes has been installed. This equipment attracted 
considerable attention, as did also the other induction 
motor starting and controlling devices. 

The water cooling tower stands between the car 
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shops and the wood mill, and two 20 H.P. 440 volt, 
3-phase induction motors drive the two large fans. 
These motors with their controlling apparatus stand 
in separate brick buildings at one end of the tower 
and are entirely independent. 

The party then visited the wood mill and saw the 
remaining belt drives, these being kept as a measure 
of economy. The wood working machinery is driven 
by a steam engine in one corner of the old engine 
room, the shafting being driven one from the other by 
belts in the old manner. 

The two new steam turbines are installed in an ex- 
tension to the power plant, this being at one side of 
the wood mill. In here are the main switchboard, air 
compressors, pumps and the usual auxiliaries, the tur- 
bines being of the horizontal type and built by the 
Allis-Chalmers Company. They operate at a speed 
of 3800 R.P.M. and drive generators giving 900 am- 
peres at 480 volts, 3-phase, 60 cycles, alternating. Le- 
Blanc jet condensers are used, being installed next to 
the turbines. 

One of the exciters is driven by a steam turbine at 
2400 R.P.M. (45 H.P., 120 Ibs. steam) and is used for 
starting only. The other is driven by a 37% H.P. 
motor at 850 R.P.M. and is used after the turbo-gen- 
erator is running. Both of these machines set next 
to the turbines on the main floor. It was in this en- 


gine room that the first photograph of the party was. 


taken. From here the party went through the wood 
mill and over to the boiler houses. 

Just outside the main boiler house is the new con- 
crete coal handling tower. In the lower room of this 
tower -are all of the motor starters for the boiler 


A Corner Tower of Transmission Line, 


room, thus keeping them in one place and under the 
care of one responsible man. Installed beneath the 
floor, with openings in front of each ash pit, is a pneu- 
matic ash remover. This operates on the vacuum prin- 
ciple, creating a powerful suction which carries off 
anything put into it. Mr. Doud dropped several 
bricks, entire and in pieces, into one of them and they 
were carried away as quickly and easily as the ashes. 
By improved methods the boiler capacity required 
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has been reduced from 14 to 12 boilers for normal 
conditions, the balance now being available for exten-— 
sions to plant and as spares. A 250 foot concrete | 
stack, 9 feet inside diameter, has been built to replace — 
the several smaller stacks originally used. * 

The Boiler and Tank Shop was next visited, where — 
another photograph of the party was taken. In this 
shop there are twenty alternating current motors 
mounted on the walls, each taking the place ot 2 
direct current motor and driving a section of line 
shafting through a silent chain. One of the interest- 
ing features of this shop was a pneumatic riveter for 
the back plates of boilers, this being made to operate 
in a vertical position through raising the rear of the 
boiler up. 


A Corner Tower with Transformers, 


In the Blacksmith Shop there are motors for driv- 
ing the line shafting, these replacing two steam en- _ 
tors which act as span wires, the same plan being followed | 
gines. The lights are hung direct from the conduc- 
in the car shop. From here the party went to the 
Locomotive, Machine and Erecting Shop. 

In the Locomotive Shop the line shafting is also” 
divided into sections with a motor for each section, 
with several of the larger machines equipped with in- 
dividual motors. One of the most interesting of these — 
is a large planer equipped with a reversing motor. 
The action is entirely automatic, being controlled by 
stops on the bed of the planer. A demonstration — 
showed the action to be practically instantaneous re- 
gardless of the speed of travel or length of stroke. 

Both direct and alternating current is used in these 
shops, but most of it is three phase, alternating at 60 
cycles. The distribution line is carried on steel 
towers, 440 volts being used. Oil cooled transformers 
are mounted directly on the poles for stepping the 
current down to 110 and 220 volts for use in the build- 
ings for lighting. The motors operate at 440 volts, in 
some cases being synchronous but mostly induction 
type. The distribution system attracted considerable 
attention, the very substantial towers being especi-— 
ally liked. In some cases as many as 13 wires and 
cables being on one tower, and at corners the towers 
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are strong enough to stand the unbalanced pull alone 
without guy wires. 

The party enjoyed the trip very much and ex- 
pressed their gratification to the gentlemen in charge 


Interior of Power House. 


very freely on the return trip. Such trips are fully 
worth while and should be a feature’ of the convention 
every year hereafter. 


A. Wray Appointed Asst. Supt. Tel., Rock Island. 

Mr. Archibald Wray, of Chicago, has just been ap- 
pointed Assistant Superintendent of the Rock Island 
Lines, with headquarters in Chicago. Mr. Wray has 
had seventeen years experience in telephone and tele- 
graph work with the American Telephone and Tele- 
graph Company, the Telegraph Department of the 
men. &% ©. SEW Ags and for the past four years has 
been employed by the Kellogg switchboard and Sup- 
ply Company, of Chicago, as Railway Telephone En- 
gineer. 

When in the employ of the C. B. & O., which was 
one of the first railroads to adopt telephone train 
dispatching to any extent, Mr. Wray did much 
pioneer work in adapting the telephone to railway 
telegraph circuits. 

In connection with Mr. G. A. Cummings, Mr. 
Wray developed the clock type selector, which was 
extensively applied to railroad service in the early 
days of the art. He has later been active in the de- 
velopment of other telegraph devices, such as the 
booster circuit, the telegraph typewriter, etc. 


te 


DISTILLED WATER FOR BATTERIES. 

It is well known that distilled water should be used 
exclusively for flushing storage batteries as the impuri- 
ties of the natural water are highly injurious to the bat- 
tery plates. It is common practice however, in certain 
railroads to use condensation water from steam pipes, 
engines, etc., for this purpose. This too is extremely bad 
practice as the condensation water often contains oil 
boiler compounds and other impurities. 

In an ordinary boiler the water is distilled at a much 
higher temperature than the normal boiling point of 
water so many of these impurities which are not volatile 
at 212 degrees are carried over with the steam. Realiz- 
ing this situation the merits of the Rochlitz still are at 
once evident. This still delivers cold aerated and abso- 
lutely pure water direct from the apparatus. The water 


RAILWAY ELECTRICAL ENGINEER 


203 


af 


Rochlitz Still. 


is absolutely pure because the temperature of the water 
is never carried above about 212 degrees and this is 
not sufficient to volatilize the ae of the natural 
water. 

This still is very economical both as to fuel and water; 
it is of good appearance and very substantial construc- 
tion and is automatic in its operation. This still 1s 
handled by William M. Lalor, Manufacturing represent- 
atives, 500 Fisher Bldg.. Chicago, III. 


“UNILET” FITTINGS 
Railway engineers will be interested in the new line 
of “Unilet” fittings being placed on the market by 
the Appleton Electric Co. of Chicago. 


Unilet Fittings. 


Being of steel, these fittings are therefore much 
stronger than any cast iron fittings now on the mar- 
ket, and at the same time affording much more room 
inside of the boxes to make and tape connections, etc. 
They have a very complete line of porcelain covers 
which fit snugly to the UNILETS, making an ex- 
tremely neat job for conduit work. 

UNILETS are furnished with a sherardized finish, 
which makes them practically rust proof and at the 
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Unilet Fittings. 


same time leaving the threads in the nipples good and 
clean for screwing on the pipe. If so desired, they 
may be obtained with a coat of black japan enamel. 
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Use Only" 
Pure Distilled Water | 


For Your Storage Batteries 


Si 


| ial 3 This is a subject of vital interest to you 
“i a as its use means a greatly increased life 
Ma and much é¢reater efficiency. 

All natural water supplies carry impuri- 
ties injurious to the elements. 

Filtered or condensed water does not in 
any sense mean pure water. 

Condensed water is highly undesirable 
as owing to the temperature of high pres- 
sure steam the impurities are vaporized 
and carried over. 

The presence of Iron, Chlorine and 
Nitrates are responsible for many of your 
battery troubles 

Distilled Water, when obtained from our 
Stillis chemically pure. 

The Stillis entirely automatic, is operat- 
ed by gas or steam, and furnished in any 
capacity required. 

All Storage Battery Manufacturers 
OPERATED BY GAS OR STEAM strongly advocate the use of distilled water, 
and some insist on its being used. 


Distributed by 


500 aks AA ee LON ILLS. '————Prices on Application 


HE only way to get this 
All the good points of combination of good things 


in fuses is to adopt and use 


All the good fuses Daum Refilable 


PLUS - Cartridge Fuses 
95° SAVING It is no more logical to throw 


away fuse shells when the 
fusible links have blown than 
it is to throw away your shoes 
because the laces are worn. 
You can refill Daum Fuses at 
trifling expense and even a care- 
less boy will do it right. Absolute 
accuracy is provided and perfect 
safety assured. The Daum is as 
good and as safe as any good fuse 
and 95% cheaper. For experimental 
and temporary work nothing can 
take their place. 


Catalog 15 tells the whole fuse story 
Get a copy 


A. F. Daum Co. 


Pittsburgh 


Note the simplicity. 


taal 


q 


’ December, 1912. 


FAW AY 


ELECTRUAL ENGINEER 


Official Journal 
of the Association of Railway Electrical Engineers. 


PUBLISHED MONTHLY BY 


WRAY PUBLISHING CO. 


EDWARD WRAY, 
President. 


106 N. LA SALLE ST. 
CHICAGO 


Telephone Main 2457. 


Entered as second-class matter, August 6, 1909, at the Post 
Office at Chicago, Il! , under the Act of March 3, 1879. 


TERMS OF SUBSCRIPTION 


United States, Canada and Mexico : - Per Year, $1.96 
MIE, eg. cs0 Ghat 6 ORGEI DEO Core Bete CMe tens are Per Year, $1.50 


OUR OBJECT. 


The object of this publication is to provide a medium for the 
free interchange of ideas and experience among these identified 
with the operation of electrical apparatus as applied to rall- 
way practice. 

In this mutual exchange of ideas among the men prominent . 
In the field there will result a better understanding and solu- 
tion of the problems before us and a wonderful inspiration for 
all to greater achlevements. : : 
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Four Ply vs. Five Ply Belt. 


One of the big items in car lighting costs is that ot 
belting, and the question of belt thickness is one which 
should receive the careful attention of the engineers in 
charge of this equipment. General practice seems to 
have standardized on the five-inch belt for American 
equipment although the majority of European axle light- 
ing generators are driven by three and four inch belts. 
As to thickness of belt, however, certain roads in this 
country use a four-ply belt while others use five-ply. 
The question of relative belt strength is a comparatively 
insignificant one, as the belts are normally operated at 
a pull of about one-third to one-sixth of their breaking 
strength. The question of pliability, however, is a 
more important ene, and one which materially affects 
the life of the belt in car lighting service where ten- 
inch, and in some cases eight-inch armature pulleys are 
used. When considered in this light the advantages of 
a more flexible four-ply belt becomes evident. 

One large railroad of the middle west, about two years 
ago, changed from a five-ply standard rubber belt to a 
four-ply belt of the same make. The average belt life 
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on that road for the past year has increased 25 per 
cent over what it was under the same operative condi- 
tions for the years previous. 

This is a rather conclusive argument of the advan- 
ages of the four-ply over the five-ply belt for car 
lighting service. 


am 


Ball Bearings. 


The fact that ball bearings are now being applied to 
railway car lighting generators with every type of axle 
lighting equipment is another testimonial of the energetic 
development and design of new equipment by the manu- 
facturers, with a view of increasing the reliability, 
improving the service and reducing the cost of main- 
tenance of the equipment. 

The article on ball bearings published in this issue, 
which is the first of a series of educational articles writ- 
ten by each of the manufacturers of the various types 
of ball and roller bearings, gives much light on this 
subject which is such a new departure in car lighting 
lines. 

Although ball bearings have been employed in car 
lighting service for but about a year, the modern bear- 
ing is by no means a new or untried device. In auto- 
mobile service they have reached a high state of develop- 
ment both as to accuracy of manufacture and in the 
understanding of the proper maintenance by the users 
to give maximum life and greatest reliability. 

As stated in this article, the car lighting problem is 
largely one of maintenance, and bearing maintenance is 
by no means a small item in the total maintenance cost. 
A large number of the total car lighting failures, more- 
over, may be traced directly to bearing troubles. These 
failures are usually of a very serious nature, resulting 
often times in dropping the revolving armature down on 
the generator pole pieces, where it grinds to pieces and 
often requires the entire replacement of the armature. 

A bearing that will operate satisfactorily for 25,000 
miles without any inspection whatever, and then only 
require the twist of a grease cup to inject a fresh quan- 
tity of lubricator, is without question a matter which 
commands the attention of every car lighting man. The 
interest on the comparatively high initial cost of this 
bearing when balanced against the saving in inspection, 
maintenance, repairs, and above all, the increased reli- 
ability of the service, fades into insignificance. 

Tem 


Ozone. 


Medical authorities tell us that foul air in a railway 
car or any other enclosed apartment is not due to the 
presence of carbon dioxide, as has been generally sup- 
posed, so mttch as it is due to the presence of car- 
bonaceous animal matter suspended in the air, high hu- 
midity, high temperature, and lack of air motion. Where 
humidity and. temperature are maintained at normal 
value, and a reasonable amount of air motion is main- 
tained, the effect of “stuffiness” may not be noticed even 
though the carbon dioxide content of the air become 
abnormally high. Probably one of the main influences 
in producing the effect of stuffiness is bad odors gen- 
erally caused by the carbonaceous matter suspended in 
the air. 

Ozone is merely oxygen in a peculiar state of activity 
which makes it a very rapid oxidizing agent. When 
generated in even comparatively small quantities, ozone 
will very soon oxidize this carbonaceous matter in the 
air, and by removing the cause of these bad odors, will 
clear up the atmosphere in the car and give the effect 
of freshness to the person breathing that air. 

Ozone machines are now made in comparatively 
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small sizes which can be operated from the ordinary car 
lighting voltages of 30 to 60 volts, so that this offers 
another possibility to the ever zealous passenger depart- 
ment for improving the service of our best trains. 


Association News 


At the first meeting of the A. R. E. E. Executive Com- 
mittee following Annual Convention, which was held 
Saturday, November 30th, it was decided to appoint com- 
mittees as per the following schedule. 

1.. Committee on Standards. 

2. Committe on Illumination. 

3. Committee on Questions for Discussion and In- 
vestigation. 

4. Committee on Electric Headlights. 

5.. Committee on Organization of Yard Forces. 

6. Committee on Railway Power Plants. 

7. Committee on Terminal Specifications for Hand- 
ling Car Linghting Equipment. 

8. Committee on Storage Batteries. 

9. Committee on Headend Equipment. 

10. Committee on Outside Construction and Yard 
Lighting. 
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11. Committee on Data and Information, and the 
Question Box. 

12. Committee on Specifications. 

13, Committee on Dynamo Suspensions. 

14. Committee on Installation of Wiring in Railway 
Buildings. ; 

15. Committee on Shop Practice. 

16. Committee on Standard Reports for Operating 
Car Lighting Equipment. 

17. Committee on Methods of Charging Storage Bat- 
teries. 


ess 


It will be noticed that there are a number of new com- 
mittees appointed for next year’s work which will without 
doubt still further increase the scope and effectiveness ~ 
of the work of this Association. It is the plan for the 
Committee on Data and Information to open a question 
box in the columns of the RAILWAY ELECTRICAL 
ENGINEER in which questions will both be asked and 
answered. 


Auditing Committee. 


The personel of the various committees has been ap- 
pointed, but as we go to press, and the acceptances of 
these appointments have not yet been received, so they 
cannot be published until our January issue. 


New Santa Fe Cars 


The chair car shown herewith is typical of the design 
of sixty cars which have recently been built for 
the Atchison, Topeka & Santa Fe Ry. The complete 
order consisted of chair cars, smokers, and combination 
cars, the last of which are just being received. The 
cars are of steel underframe construction and the inter- 
ior is decorted with a light mahogany finish. A feature 
of particular interest in connection with these cars 1s 
the electric lighting fixture, and particularly the reflector 
employed. This reflector is, we believe, the first opal 
reflector which has been especially and exclusively de- 
signed for car lighting service. 


New White Iris Car Lighting Reflector. 


Fig. 1. 


The reflector is made of a comparatively new type of 
opal glass, known under the trade name of White Iris. 
In optical characteristics, this glass is classed as a heavy 
density opal. The reflectors are equally notable for their 
remarkably high illuminating efficiency and. for their 
unusually attractive appearance. 

When cold, the reflector has a strikingly beautiful sur- 
face, having a mother-of-pearl appearance, with rich 


iridescent colors. When lighted, the mother-of-péarl 
appearance changes under the influence of-the trans- 
mitted light to a rich light brown color, which harmon- 


Hig, 2. 


Reflector with Fixture, 


izes especially well with the light mahogany woodwork 
of the car. The outside surface of the reflector is 
relieved from too great plainness by raised ribs. The 
accompanying illustration gives an excellent idea of the 
shape and general character of the reflector, but gives 
very little idea of the remarkable color eeffcts of the 
reflector, whether lighted or cold. The smooth surface 
of the reflector makes cleaning especially easy, the ribs 
not adding in any appreciable degree to the difficulty ~ 
of cleaning. 

The general effect of the lighted car is very pleasing. 
The reflector comes well down over the 50 watt clear 
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bulb lamp, so that it is impossible to see any portion of 
the lamp filament in any normal position of the eye. 
The reflector transmits comparatively little light through 
its sides, so that all effects of glare or ocular discomfort 
are notably absent. 

The results of illumination tests, made on this car 
with a Sharpe-Millar illuminometer, are given in the 
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following diagrams and tables. Even a cursory inspec- 
tion of the test data at once draws attention to the 
efficiency, which is remarkably high for an opal reflector 
installation. It will be noted that an average illumina- 


tion of over three foot candles is supplied to the pas- 
sengers in the aisle seats while over two foot candles 
intensity is provided at the window seats. 


Fig. 3. 


Interior of Car Under Partially Daylight Conditions. 


Fig. 5 

Station Ft. Candles | Station Ft. Candles 
Number Illumination. | Number Illumination. 

1 1.60 8 3.24 

~ 2.39 9 4.12 

3 3.14 10 2.15 

4 2.02 Py 3.26 

5 Sell 12 4.14 

6 3.80 13 2.14 

7 2.04 14 3.39 


Layout of Lamps and Test Stations with Results of Tests Plotted Below. 


RESULTS OF TEST. 


Station Ft. Candles | Station Ft. Candles 
Number Illumination. | Number Illumination. 
TS 4.26 22 1.92 

16 1.98 

0 304 23 3 LS 
24 3.89 

18 3.97 

19 1.99 25 1.73 

20 3.05 26 2.85 

21 3.93 27 3:52 


Readings taken 33 inches above the floor. 
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The complete fixture equipment was supplied by the railway traffic, and lately metal filaments, taking 100 


Safety Car Heating and Lighting Company, the White volts, have been used with success; moreover, they are, 
of course more economical and less sensitive to slight 


ST a variations of pressure. The lighting unit must have a 
TT TRS Poses NAN MW nearly constant speed, which requires a shunt-wound 
ll TRS Zee mit motor. Machines of small outputs, say, for 1-6 kw., if 


run on 1,200 volts, cannot be shunt wound, because this 
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Ls PUTT] would mean too thin a gauge of wire. Thi 

STRUTT FT g s can be 
UNO SST Ht overcome by making the magnet windings a shunt to 
N TERE 1 SSL ny the terminals of the generator, and, seeing that motor 
NY AS SAREE SSNS My Mi and generator are rigid] connected togeth sith i 
\ AK ’ oH ip Hf site Deven of 2 renee aia motor can baal 
\S LAY eesss . ly fl tained in this way. A number of machines have been 
AS WNXS S Beecesee 4 Uy yl constructed on this system, the motors having a capacity 
WNW NSS sans eee Gy of about 2 horsepower at 2,000 revolutions per minute. 
N SS RSs We SS SELES ZB “iy J) s ° « Mies 
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S NSSSSS SESS sam Yj, The connections are shown in the adjoining figure. Be- 
NWS SSSS352  HESE22734 ZG Vee ap | 
NS NSS SSS222 22222270277 sides the above-mentioned exciter winding, the magnets 
S NS SSS 3352222222 BE GY ; aie : ; 
NSS SSS 55> B= e272 Li have a small series winding, which starts the motor; 
QR—’WSSSSS EL otherwise the generator being at rest, there would be no 
WSSSs3 === 22222ZZ Gy, voltage at the terminals of the shunt winding. In order 
SSS =< that this series winding should have no effect on the 


speed of the motor, there is a compensating winding in 
the opposite direction, which carries the main current 
of the generator. Both currents, therefore, are nearly 
proportional to the load on the generator, and tend to 
neutralize one another as soon as the machine starts, 
the result being that the. motor has a genuine- shunt 
Iris reflectors having been especially designed and manu- Characteristic. The series windings on the motor. are 
factured by the Holophane Works of General Electric 0” the earthed side, so that only the armature windings 
Company for this particular equipment. are really exposed to the high pressure, and even in case 
of short-circuits the high pressure cannot reach the 
lamps. All windings consist of proportionately thick 


d are of sufficient mechanical strength to resist 
EM THE ELECTRIC LIGHTING OF We, an 
se ALENE RASH SO ae r vibrations and shock. 


BY P. AMSLER. 
Where an overhead voltage of 600 volts is used, the 
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Fig. 4. Photometric Curve of Reflector. 


te a ; Overhead Voltage 1200 Volts 


usual plan for car lighting has been to put five lamps in a 

series on the full applied voltage. An incidental disad- Koaillery e 

vantage of this plan lies in the fact that a breakage of Pole Winding 2 

one lamp extinguishes the whole five. Lately the over- 44 |e 58 

head voltage has been raised in several cases, and the #¢ BS5S5 

direct-series method has become impossible. The main 33 ER ES 

obection, of course, lies in the fact that too many lamps 24 a gia amu 
require to be joined in series, or, alternatively, the volt- © | g Pole Winding 
age of the lamps must be high; in either case the objec- 

tions are evident. Voltages up to 1,200 can be dealt ae 

with to some extent by a machine with two commutators. bag 

This implies a three-wire system with a voltage of 600 Fig. 1. Wiring Diagram. 
between the middle and each of the outer conductors; 

the usual series-method could, therefore, be applied in Under test excellent results were given. In conse- 


this case. But, even so, there remains the danger of a quence of the sluggishness of the generator field, which 
defect in one of the armature windings which might reacts by producing a corresponding sluggishness of the 
have the disastrous effect of throwing the whole of the shunt winding of the motor, it was found that within 
1,200 volts on one set of lamps. 1% seconds of the start the speed of the motor had 

The author has elaborated a method which is WOFKEQ a scricen to 2,600 revolutions per minute; but at the end 
by Brown, Boveri & Co. This plau has none of the of two seconds it had fallen to the normal speed of 2,000 
disadvantages above-mentioned, and allows the use of evolutions per minute. A short-lived variation of speed is 
OA RE Ss ON Veet aes MISSA 0 2 there probably quite reasonable, if it is only of momentary dura- 
overhead voltage LoS uate i ea tion; there is, however, the possibility that the generator 


machines. One of these is a motur, which takes the : ; 
whole applied voltage, and has two commutators and may not excite at the start, which would mean the en- 


two armatures, which are joined in series; the other is tire destruction of the whole set. Fig. 1, however, 
a generator, which can be wound so as to generate any shows an improvement which is introduced to meet this 
5 y : : Maitre fy 
required voltage, say between 30 and 50, and thus allow case, and also does away with the slight initial excess — 
the use of metal filaments, all connected in parallel. At of speed, noted above. This improvement is shown in | 
voltages of this order, metal filaments have been found dotted lines, and consists in taking the main current of 
to be sufficiently strong to withstand the vibration of the motor on the earthed side through a field winding — 
eTranslated from Blektrotechnische Zeitschrift. on the generator, thus tending to build up the generator 
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field at once. This provides an absolutely certain start, 
and the normal speed is reached in one second along 
a steady curve. A resistance of 27 ohms is permanently 
joined in series with the motor, and this means a steady 
loss of about 4 per cent. This allows tne motor to be 
directly switched on to 1,200 volts without anything in 
the way of a graded starting resistance, which has to be 
mechanically or automatically operated. The maximum 
starting current is about 10 amperes, which is nearly 
five times the normal current. This starting process 
can be repeated several times in a minute without any 
heating of the motor or sparking at the commutator, 
even at the instant of switching on. In practical opera- 
tion the removal and replacement of the collector on 
the overhead wire would be without any prejudicial ef- 
fect on the lighting group; when the collector is re- 
placed on the overhead conductor the lamps .would 
light up, just as if they had been switched on in the 
usual way. 

The apparatus is intended to be mounted beneath the 
floor of the car, and is protected by a sort of sheet- 
iron cover. In a test on a certain set it was found that 
the voltage on the lamps remained absolutely constant 
between no load and twice the normal full load, the 
voltage applied to the motor being, of course, constant 
throughout. No kind of automatic regulator is required. 
Any variation in the primary voltage—i. e., in the over- 
head pressure—would reflect itself in the pressure on 


the lamps, and these variations produce quite permissibly 


small fluctuations in the light. But if the pressure on 
the lamps is required to be kept absolutely constant, ir- 
respective of the pressure on the overhead wire, this 
can easily be arranged by a small automatic regulator 
in the exciter circuit of the generator. 
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On this system there has further been constructed a 
series of lighting groups, suitable for an overhead 
pressure of from 1,500 to 1,750 volts. The commutation 
with fixed brushes has been found to be absolutely 
sparkless, even up to loads exceeding the normal by 
200 per cent., the normal load on the secondary side 
being 1-6 kw. The results of this work show that light- 
ing sets can be constructed on this principle with out- 
puts of 1-6 kw. for pressures up to 1,750 volts, and for 
3 kw. up to 2,400 volts, and for larger outputs up to 
about 3,000 volts. The basis of these figures is found 
in the assumption that the armature is wound with wire 
of 0.5 mm. diameter, and that the mean difference of 
voltage between successive commutator segments is 35, 
which allows of a perfectly sparkless commutation. All 
other windings consist of thicker wire, which is very 
essential for steady work. Of special interest is the be- 
havior of the lighting group if in normal working the 
overhead pressure fails—e. g., owing to a fall of the 
collector bow. Since the collector also supplies current 
to the motors driving the train, there is a closed circuit 
through the motor of the lighting set and the main 
motor and rails. Thus there seems to be the risk of a 
short-circuit that might be dangerous. This, however, 
is not the case, as the following considerations show: 
As soon as the motor of the lighting set is disconnected 
from the overhead pressure, the counter E.M.F. of the 
armature generates a short-circuit current and the ma- 
chine runs as a generator. This current causes a weak- 
ening of the field in the main winding of the motor, and 
neutralizes the field due to the compound winding of 
the generator. The generator, therefore, loses its volt- 
age, which causes the exciting field in the motor to dis- 
appear and chokes out the short-circuiting current. 


Ozone Generating System on the Central London 
Railways 


During the eleven years which have elapsed since its 
opering, the Central London Railway has been ventilated 
on the exhaust system, the method consisting in closing 
all the doors underground for a certain period after the 
running of the last train, and drawing air right through 
the tube from one end to the other by means of a 200 
h. p. exhaust fan fixed at Shepherd’s Bush. This thor- 
ough cleaning out every night was supplemented by a 
continuous running exhaust fan at the British Museum 
Station, and the natural ventilating action of the run- 
ning trains. ” 

In view, however, of the increasing traffic, and parti- 
cularly in anticipation of the very considerable augmen- 
tation which will follow upon the opening of the exten- 
sions to Liverpool Street and Ealing respectively, the 
progressive Chairman and Directors of the railway de- 
cided to install a more positive system of ventilation. 
With that enterprise and foresight which is always as- 
sociated with the Central London Railway, the manage- 
ment decided to adopt an elaborate equipment to pro- 
vide a continual influx during the whole of the day of 
a large quantity of fresh air treated with ozone to purify 
and improve its quality. This new installation, designed 
and constructed by Messrs. Ozonair, Ltd., in conjunc- 
tion with Mr. E. P. Grove, Chief Engineer of the Cen- 
tral London Railway, has just been completed. 

The Central London Railway runs from Wood Lane 
on the west side of London to the Bank of England in 


the centre of the City, a distance of nearly seven miles, 
and comprises two separate tunnels, having an aggre- 
gate length of about 13 miles. With the exception of a 
very short length between the first two stations—Wood 
Lane and Shepherd’s Bush—the railway is entirely un- 
derground. The “up” and “down” lines are in practi- 
cally separate tunnels, each 11 feet 8 inches in diameter, 
pierced in the London clay and formed of segments of 
cast-iron bolted together. 


These tunnels are inter-connected at several points 
by “crossovers,” that is, places where the trains can 
pass over from one tunnel into the other, when re- 
quired. While this is very convenient from a traffic 
point of view, it unfortunately greatly increased the 
difficulties of the problem of ventilation. The tunnels 
follow the line of the Uxbridge Road, Bayswater Road, 
Oxford Street, Holborn and Cheapside, and are at a 
depth below the street surface varying from 60 to 100 
feet, with thirteen underground stations. 

Extensions at the City and to Liverpool Street Sta- 
tion, the terminus of the Great Eastern Railway, and 
at the other end, to Ealing Station on the Great Western 
Railway, are now in progress, and these will result in 
a considerable increase in the traffic, which already 
amounts to some 40,000,000 passengers per annum. The 
trains consist of from three to seven cars, one or two 
of which are provided with electric motors which re- 
ceive continuous current from a third rail. The current 
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is supplied to the rails from four sub-stations, at the 
Notting Hill Gate, Marble Arch, Bond Street and Post 
Office Stations, which receive alternating current at a 
high pressure from the power-house at Shepherd’s 
Bush. This power-house contains generating engines 
with a total capacity of over 11,000 horse-power. 

At times of heavy traffic there are some 25 or more 
trains in the tunnels at the same time, each of which 
carries 330 passengers, more or less. . Assuming that 
the trains are on an average three-quarters full, it will 
be seen that there are every day over 6,000 people in 
the trains, or including those on the platforms and lifts 
there may be as many as 10,000 in the tube continuously 
for two or three hours, and four of five thousand all 
day, so that the necessity for thorough ventilation is 
‘obvious. 


Before entering into specific details as to the special 
installation for the ventilation of the railway on the 
Ozonair system, it would be well to consider the special 
properties and features of ozone when applied for ven- 
tilation purposes. 

So long ago as 1785 Van Marum observed that oxy- 
gen gas through which an electric spark had been 
passed possessed a peculiar smell, and at once tarnished 
a bright surface of mercury. 

For many years much doubt existed respecting the 
exact chemical nature of this oxidising principle, for 
the simple reason that it was found impossible to obtain 
ozone except in small quantities, and that an exact in- 
vestigation of its composition was rendered still more 
difficult by its extremely energetic properties. Re- 
‘searches, however, conducted with the greatest care, 
have shown that ozone is nothing more than concen- 
trated oxygen. 

Ozone is present in minute quantities in the atmo- 
‘sphere. Its principal sources are probably the electric 
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discharges during thunder storms, the silent discharge 
from thunder clouds, the evaporation of water (and 
especially of saline water, as in sea foam), and the action 
of some vegetable products on the air. Ozone is also 
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Ozone Generator and Ventilating System. 
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formed by the action of sunlight in the clouds. Ozone 
present in the atmosphere plays an important part in 
keeping the air pure and fresh, and destroying the dele- 
terious organic matter constantly passing into the atmo- 


Fig. 3.. Stairway with Ventilating Duct Just Over Head. 


sphere from decomposing flesh, animal exhalations, etc. 
- According to that well known  scientist—Douglas 
Galton—“The permanent absence of ozone from the air 
can be regarded as a proof that the air is contaminated.” 


Fig. 4. 


One of the Many Problems in Duct Design. 


Ozone, as already stated, unlike oxygen, is possessed 
of a very powerful and penetrating odour, and very 
silght traces of this gas can be readily detected by the 
sense of smell. It has the power of oxidising or de- 
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stroying any offensive matter that the air may contain;. 
indeed, it is the most powerful oxidising agent. known, 
which is due to the fact that it readily parts with the 
third atom of oxygen contained in the molecule. The 
conversion of oxygen into ozone is expressed chemically 
by the equation O?+O=O0%, and it is this third atom: 
which splits off so easily and enters into the combination 
with other bodies that is the basis of its value for the 
purification of the atmosphere, etc.; in fact, it is the most 
powerful sterilising agent known. 


THE VENTILATING SYSTEM. 


The system consists briefly in drawing the air supply 
from as clean and pure a source as possible, and remov- 
ing the smuts and other solid floating matter by means 
of special filtering screens. During this operation prac: 
tically the whole of the sulphurous acid and other dele: 
terious gases, met with in all large cities, are absorbed. 

The cleaned air is then passed into a mixing cham- 


Ozonated Air Delivered to the Platform. 


Fig. 5. 


ber, where it is purined and partially sterilised by means. 
ot ozone. It is also enriched by the addition of a min- 
ute quantity of pure ozone, which gives it that beauti- 
fully refreshing character which the air at the seaside 
and on mountain tops is known to possess. From the 
chamber it is distributed by means of ducts, to the 
various parts of the building, or railway station, etc.,. 
as the case may be. 

The explanatory diagram, on the opposite page, illus- 
trates graphically the general arrangement of one of these 
plants, and shows how the air is purified and ozonised’ 
and introduced into the tunnels. The actual generating 
plant is shown in the small room on the upper left hand 
side of the diagram. Commencing on the extreme left 
is the filter screen F. which.cleans and washes the in- 
coming air from all dirt and smuts, and at the same 
time absorbs all the deleterious gases, such as ammonia 
and sulphurous acid, which are always present in the 
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atmosphere of large cities. The air is drawn through 
the filter screen F by aid of a fan M which is driven by 
a powerful electric moter E. This screen is kept mois- 
tened by means of a continual flow of water from a 
series of jets at its upper edge. The used water is 
caught in the water-trough W. 


The Ozone Generator. 


- is shown at O. The pattern supplied to the Central 
London Railway consists of a series of 10 generating 
units, each comprising a thin mica plate with a sheet of 
metallic gauze on either side, the set of 10 plates being 
spaced and mounted on insulating supports. The gauze 
sheets are connected across the secondary of a small 
transformer delivering alternating current at a pressure 
of five thousand volts, and an innumerable number of 
minute discharges occur all over the opposing surfaces 
of the plates. 
dealt with in the Central London Railway plants, a 
comparatively strong mixture is produced in the ozone 
generator O, and this is conveyed by the ozone pipe P 
to the mixing chamber of the main ventilating fan M, 
where it is mixed with the main current of air, and 
thence blown down the main air trunk to the various 
distributing sheet metal ducts or conduits, as is illus- 
trated diagrammatically in the figure; and is eventually 
deliveted to those places where it is required. These 
air outlets are marked A on the diagram. Most of the 
Central London Railway equipments each pass normally 
some 360,000 cubic feet of air per hour, and the gen- 
erator provides an amount of ozone sufficient to pre- 
serve the proper proportion. The proportion of ozone 
and the volume of air supplied can be regulated from 
the switchboards controlling each equipment. 

The main ventilating fans are of the “Sirocco’ pat- 
tern and are driven in most cases by 7%4 h. p. motors. 
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The ozone generator is supplied with current at 5,000 
volts from a transformer T fed at 380 volts A. C. from 
a small 550 volt rotary converter C. 


Pure Air. 

The question of the purity of the air we breathe must 
always be one of the most engaging and serious prob- 
lems. Whether the place be the home, the office, the 
workshop, the railway carriage, the place of amusement 
or even the street, the condition of the atmosphere is 
equally important. It can scarcely be too emphatically 
asserted that more than half the ills that people suffer 
from are due to slow poisoning produced by the foul 
air of the rooms of which we live and breathe. It isa 
popular belief that the contamination of the air of a 
place in which a number of persons are congregated, is 
due to an abnormal amount of carbonic acid gas. This 
is supposed to cause the stuffiness, smell and disagree- 
able taste usually perceived. Such, however, is far from 
the case. Carbonic acid gas is a tasteless and perfectly 
inodorous gas. It is also practically harmless except in 
concentration at least ten times as great as is ever met 
with in the worst cases of bad atmospheres. The fact 
is, that we are constantly throwing off from the skin 
and lungs the waste products of the body. These min- 
ute particles on coming into contact with the air imme- 
diately putrify. This added to supersaturation, due to 
the moisture contained in the exhaled breath, is the main 
cause of fceted atmospheres é 

Another factor, although perhaps not so important as 
the foregoing, 1s the absence of motion in the air. Un- 


less the air is moving, the layer next to the skin becomes — 


overheated and supersaturated with moisture, thus 
causing great discomfort. For this reason the refresh- 
ing breeze is welcomed in hot weather. A lady uses her 
fan in a close room for the same purpose. 


Light: Its Use and Misuse 


A Primer on “Illumination” Prepared by the Illuminating Engineering Society. 
CONTINUED FROM LAST MONTH 


PRECAUTIONS TO BE TAKEN IN PLACING AND 
SHADING LIGHTS. 


Diffusing and Shading by Globes and Reflectors. 


In any artificial lighting the lamps should be so well 
shaded that the eye does not see them directly nor bril- 
liant reflections from them. You can accomplish this 
end by putting the light in diffusing globes of, for in- 
stance, ground glass or white or opal glass or other 
translucent material. To secure the best diffusion, the 
globes should be dense enough not to reveal the form 
of the actual light source within, but to give the effect 
of the light pouring forth from the globe as a whole. 
(See Fig. 10.) 

Another way of accomplishing the same result is to 
put a shade around the lamp, which screens it and re- 
flects downward much of the light which would other- 
wise idly fall on the walls or ceiling. (See Fig. 11.) 
Such shades may be of mirrors or polished metal or 
white or opal glass, of ground or prismatic glass,—all 
of which, in a measure, work alike. Glass shades are 
generally preferable to metal ones, for a little light 
penetrates them sidewise,—just enough to keep the 
upper part of the room from being too dark. 


Indirect Lighting. 
Another scheme successfully used to shield the light 


is to turn the light from the lamp upward on to the 
ceiling by means of an opaque reflector underneath. The 
reflector conceals the lamp, and the brightly illuminated 
ceiling by which the light is diffused serves as the actual 
source of the illumination. (See Fig. 12.) This plan 
should be used only on white or very light ceilings and 


Opal Glass Globe. 


Ground Glass Globe. 


Fig. 10. Within each globe in a lamp of the same candle power. 
Note the superior diffusion. of the light by the opal globe. 


is subject to a heavier loss for securing diffusion than 
some other methods, but often this loss is reimbursed by 
the thoroughness with which the ceiling diffuses the 
rays that fall upon it. 


¥ 
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DON’T USE LOCAL LIGHTING BY ITSELF. 
‘General Illumination Usually Best. 


In ordinary cases general illumination is the best way 
of lighting an interior unless some of the work in hand, 
as sewing dark goods or reading very fine print, de- 


Fig. 11, 


General illumination by direct lighting, lamps concealed in 
diffusing glass reflectors, 


mands an exceptionally strong lighting in some parts 
of the room. In this case local lights may be 
added, but they ought not to be used without 
pretty strong general illumination. The commonest sort 
of localized lighting is that furnished by a table lamp. 
Such a lamp should always be shaded to keep the direct 
light out of the eyes,—best by a translucent shade which 
will add something to the general illumination. 

In any one of these plans for general illumination, 
lights should be so placed as to give at least fairly uni- 
form lighting everywhere in a room, otherwise there 
may be strong and jarring contrasts of light and dark- 
ness. 

In using shades open at the bottom, such as are very 
common, their shape and character can be so chosen as 
to distribute the light precisely as desired; this result can 
in less degree be accomplished by using enclosed globes 
or by indirect lighting. 

Any of the schemes here sketched can be made to 
give good results. The choice between them turns upon 
just what task is required of the light and what its sur- 
roundings are to be. Ordinarily, lighting from shades 
open at the bottom gives a stronger light than other 
methods, but you must carefully avoid glare in these 
cases. Lighting by wholly indirect means, in which all 
the rays are diffused from the ceiling, demands lamps 
of extra power for the same illumination, but requires 
little care to avoid glare. Rooms lighted from diffusing 
globes take an intermediate position with respect to free- 
dom from glare. 


Misplaced Brackets. 


For a lamp to do its best work, it should not be too 
hear a wall, especially if this wall is dark. Hence only 
very small rooms can be well lighted by the usual side 


brackets, say 4 to 6 ft. high. In a large room the eye can- - 


not avoid glare from such brackets unless their lamps 
are so heavily shaded as to dim the room. In large 
rooms where brackets can be placed high enough to be 
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out of the general view, they may be used to advantage; 
and they are often convenient for occasional use, as in 
bedrooms, when the room is also lighted by other means. 


ECONOMY AND EFFICIENCY. 
Don’t Waste Light by Using the Wrong Reflectors. 


By using reflectors you can put the light from a 
lamp where it will do the most good, much as an auto- 
mobile headlight sends the light along the road just 
where it is wanted. In fig. 3 there is a lamp without any 
shade or reflector and you will see that the light goes in 
all directions, only a small part of it falling on the 
level of the table where it is needed. The rest hits the 
walls and is reflected about the room losing intensity at 
each reflection. Obviously an unshaded lamp does not 
throw the light where it is wanted. To ensure the light 
falling upon the table you must use a reflector that will 
bring it there. 

Of such reflectors there are three general types, either 
of glass or of metal, which we may call concentrating, 
semi-concentrating, and distributing. (See fig. 13, (a), 
(b) and (c). The first acts almost like an automobile 
headlight, throwing its light downward into a com- 
paratively small area. The second kind spreads out 
the light over a much wider area, of diameter perhaps 
as great as the height of the lamp above the table, while 
the third is planned to light a comparatively big area not 
very intensely at any one spot. 

No reflector ever increases the total light that streams 
out of a lamp; it only puts the light where it is needed 
instead of letting it go unguided. 


DON’T USE SHALLOW REFLECTORS. 


All reflectors should come far enough down over their 
lamps to prevent you from seeing the bright sources 
of light themselves without actually looking upward. 


lamps are con- 


indirect lighting; 
cealed in opaque reflectors and the light is diffused from the ceiling. 


Fig. 12. General ilumination by 


Height cf Lamps. 


With proper reflectors, their height above the table, 
counter, or bench ordinarily makes little difference since 
it is the purpose of the reflectors to send the light where 
it will do the most good. 


, 
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Effect of Dark Walls and Colored Globes. 


Because dark walls absorb light strongly instead of re- 
flecting it they demand much stronger lamps for suffi- 
cient illumination than do light walls. (See fig. 18.) 
A very dark wall-paper, or a dark wood finish may re- 
quire three or four times as much light as a really light 
finish. Dark reds, greens, and browns reflect only 10 to 
15 percent. of the light which falls on them. White, 
cream color, and light yellowish tints may reflect over 
one-half the light. 

Likewise, deeply tinted globes and shades absorb 
much light——a fact which must be borne in mind in 
considering economy. 


the light from the lamps either directly, by opal or 
ground glass shades, or indirectly, by turning the light 
first on the ceiling or wall. The use of ground glass in- 


DON’T LET LAMPS AND GLOBES GET DIRTY. 


Dirt on lamp chimneys, electric bulbs, globes, or re- 
flectors absorbs and wastes much light. The country 


(a) Concentrating 
Reflectors; lights 
a small area bril- 
liantly. 


Fig. 14. Don’t place a desk lamp like this; it glares from the paper 


and shines in your eyes. 


volves the absorption of 15 to 20 per cent. of the light to 
‘secure diffusion, opal glass of various kinds from 20 to 
40 per cent., while some forms of art glass and most 
diffusing ceilings absorb more than half the light that 


(b). Semi -.concen- 
trating reflector; 
lights a larger 
area less brilliant- 
ly. 


(c) Distributing re- 


flector; lights a 
wide area mode- ) 
rately. 


Fig. 13. Reflectors put the light where you want it; (a) (b) and (ce) 
have lamps of the same candle power. (These pictures are 
intended only to show in a general way the effect 
of different types of reflectors.) 
ever, it is safe to say that millions of dollars are wasted 
every year by letting lamps become foul and dust lad- 
en. Nor is there any economy in using electric bulbs 


until they blacken. It pays to renew promptly blackened 
bulbs and defective gas mantles. 


Fig. 16. More light in the eyes than on the work and not enough 
light in the room. Sharp shadows and much glare from the pol- 
ished metal. Discomfort to the worker, loss to his employer. 


DON’T SAVE LIGHT AT THE EXPENSE OF YOUR 
EYES. 


Real and False Economy. 


Saving light at the cost of eyesight is false economy. 
To get good lighting it is generally necessary to diffuse 


falls upon them. Even though all these appliances ab- 
sorb light in the process of diffusion, there is gain in 
their use because they yield rays more grateful to the 
eyes. But your eyes may tire easily even with good 
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lighting. If so, consult an occulist and don glasses if 
you need them. Eye-strain often comes from defective 
eyes as well as from faulty lights. 


Economy in Selecting Lamps. 

In gas lighting there is no economy in using open 
flame burners unless the exposure is such that gas man- 
Similarly, with electric 


tles would often be. broken, 


Example of good illumination in a factory; the whole area 


Fig. 1. 
: is uniformly and brightly lighted. 


lights it is very wasteful in most cases to use carbon fila- 
ment lamps when tungsten lamps are available. The 
carbon lamps cost less to install or replace, but~much 
more for electric current.? 


Fig. 18. Each of these two little rooms received the same light. Dark 
walls absorb most of the rays of light in left-hand room. 


How to Figure Cost of Light. 


1The amount of electricity taken by an electric lamp is 
expressed in watts. Most electric lamps now manufactured 
have the number of watts which they are rated to consume 
printed on a label on the bulb. The old-fashioned carbon 
filament incandescent lamp of 16 candle-power has the candle- 
power on the label, and takes from 50 to 60 watts. 

To determine the cost of operating an electric lamp, divide 
the number of watts it consumes by 1000 to reduce to kilo- 


RAILWAY ELECTRICAL ENGINEER 


ZS 


watts, and multiply the number of hours the lamp is to be 
operated by the kilowatts to obtain the kilowatt-hours of 
electrical energy. The kilowatt-hours multiplied by the rate 
per kilowatt-hour which is charged gives the cost of opera- 
tion for the stated time. 

The consumption of gas lamps is expressed in ‘cubic. feet 
of gas per hour. The number of cubic feet of gas per hour 
taken by a burner, divided by 1000, and multiplied by the cost 
per thousand cubic feet of gas, and by the hours of burning, 
gives its cost of operation for the stated time. 

The consumption of open flame burners is commonly taken 
at 5 cubic feet per. hour.’ Upright single mantle burners 
usually take from 3% to 5 cubic feet per hour, though some 
smaller ones take less. Most individual inverted gas mantle 
burners take from 3 to 3% cubic feet per hour. 


Bust lighted from above and in front. 


The same bust lighted from directly overhead, 
Fig. 19. Bad Lighting Defeats good art. 


AMOUNT OF ILLUMINATION REQUIRED. 


The common unit of illumination is the foot-candle, 
meaning thereby the light which the object would receive 
from a standard candle at the distance of one foot. 
This is the measuring rod, as it were, by which compari- 
sons are made. 

No absolute rule can be laid down for the number of 
foot-candles required for good seeing. Individuals dif- 
fer widely in their requirements ; and the conditions un- 
der which the light is used cause still greater variations 
in requirement. However, where lighting arrangements 
are well planned it has been found by experience that 
ordinary reading, writing, or work on white or light col- 
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ored material, can comfortably be carried on by most 
people with an illumination of 2 to 3 foot-candles. For 
sewing dark goods, or reading fine type, 5 foot-candles 
are none too much, while for drafting, engraving, watch- 
making, working on black cloth, and the like, from 7 to 
10 foot-candles should be furnished. 


Artistic Effects. 


In a room suitably arranged for comfortable seeing, 
you may have plenty of light, but the general effect may 
be displeasing. The illumination may quite fail to bring 
out the good points of the room in architecture and 
decoration, or may play pranks with the appearance of 
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persons or things in the room. (See fig. 19.) One may 
not object to ghastly tints in a factory, but in lighting 
a drawing room such effects would not be tolerated. 
Hence one often should sacrifice strict economy to get 
the most pleasing effect in the room. The fixtures that 
carry the lights should harmonize with their surround- 
ings if the general effect is to be agreeable. Handsome 
fixtures have a decided decorative value whether their 
lamps are lighted or not. As strongly colored objects 
give something of their own hue to all the light which 
they reflect, the color of lamp shades, walls, and fur- 
nishings plays an important part in the artistic effect. 


i 


Ball Bearings for Axle Lighting Generators 


W. L. Batt 


EDITOR'S NOTH. 

This is the first of a series of educational talks on the subject of 
ball bearings written by certain authorities on this subject who are 
connected with some of the various ball bearing manufacturers. 


The problem of successful train lighting by electricity 
is chiefly a problem of maintenance. The conditions of 
service are extraordinarily severe, and the types of con- 
struction which have succeeded in stationary dynamos 
are difficult or impossible to apply. 

Owing to the extreme belt tension, the bearings are 
subjected to pressures considerably above those consid- 
ered safe in stationary practice. Due to the enormous 
amount ef shock and vibration, conditions are imposed 
upon the bearings that are not met in any other service 
in which a generator is called upon to operate. 

Plain bearings must be oiled daily, and even under the 
best conditions the oil film may be squeezed out by over- 
sight in oiling or by an extra twist of the tightening 
screw, resulting in a cut bearing. Cut bearings, wasted 
oil, damaged armatures, and all their resultant trouble 


Highly Magnified Ball Fractures Showing Different Qualities 
of Ball Steel. The Most Uniform is a Hess-Bright Ball. 


Fig, 1. 


and expense, are due to the inherent tendency of sliding 
bearings to wear away. 

It must be remembered that a thin film of lubricant is 
the only element interposed between the rotating shaft 
and the fixed bearing. If this be even momentarily 
broken, the two surfaces under load, immediately come 
into contact. Reducing friction by special oils, etc., only 
palliates the fault. The basic cause, rubbing between 
two faces whose friction can only be reduced—never 
eliminated—still remains. 

The modern method is to eliminate the friction that 
causes wear. 


In a word, to substitute the rolling action of cor- 


rectly designed and perfectly constructed ball bearings 


for the rubbing action of plain bearings. 


The Problem of the Ball Bearing. 


The crude conception of a rolling contact bearing ap- 
pealed to inventors years before it was suc- 
cessfully embodied in practice. The difference in re- 
sistance between the “‘stoneboat” and the wheeled wagon, 
or between a safe dragged over the floor and one moved ~ 
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Highly Magnified Ball Surfaces. 


Fig. 2. 


on rollers, finds a rough counterpart in the contrast be- 
tween the friction of plain bearings and ball bearings. 

But the practical application presented many difficul- 
ties. Early ball bearings wore out rapidly, for several 
reasons, none fully understood at first. Among these 
reasons was inaccuracy of form, which resulted in the 
load being supported by only one ball at a time. An- 
other reason, which could not be overcome with the 
steel then in use, was the insufficient hardness of both 
balls and races. Still another was the failure to exclude 
dirt, which entered and acted as an abrasive to destroy 
rapidly both balls and races. A fourth reason was that 
the cup, and cone designs first employed, whether of the 
two, three or four point type, did not give the balls a 
pure rolling motion; there was always a spinning (and 
therefore rubbing) movement in addition. The familiar 
cup and cone bearings of bicycles and other light ma- 
chinery, have been successful only because of the very 
light loads employed. 


The Solution. 
The whole subject of ball bearing performance and 
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design was studied exhaustively some eleven years ago 
by Professor Stribeck of the Neubabelsberg Technical 
Laboratories, at the instance of the Deutsche Waffen- 


‘und Munitionsfabriken, (the German factory in which 


Hess-Brights are made). Briefly stated, these tests, 


which extended over some years and cost a veritable 
fortune to make, showed that the condition of success- 
ful operation lay simply in the elimination of the usual 
factors of error, which till then had been deemed of no 
importance. 


x = at | 


Fig. 3. Parts of a Hess-Bright Bearing, Balls 1.1/16 in. Diameter. 


One of Stribeck’s findings that completely reversed 
previously established theory was the relatively high 
carrying capacity and low friction of ball bearings as 
compared with the roller. Prior to the knowledge 
gained from these tests, differences in the two were pre- 
dicated upon the theory of a line and a point contact, as- 
suming that there was a pure rolling action in both cases. 
But pure rolling is a theoretical possibility merely, re- 
quiring for its realization absolutely true shapes initially, 
and inelastic materials that will not change shape under 
load. A series of rollers that are truly cylindrical and 
alike as to diameter, also a cylindrical shaft for them to 
roll on and a true cylindrical box for them to roll in, 


Fig. 5. Sectional 


within the requisite small limits of error, is very difficult 
to produce commercially. More serious still is the fact 
that under heavy loads such accuracy as may be had is 
largely defeated by the deflections of machine framing. 
This causes the rollers to skew more or less, and it fol- 
lows that the theoretical long line contact of the rollers 
does not exist in fact, but is limited to a small fraction 
of the roll length. The tests showed increasing power 
consumption as rolls were long and decreasing as rolls 
were short. 
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View of Car Lighting Generator Showing Ball Bearings. 
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Difficult as the production of a perfect ball is under 
ordinary shop conditions, specialists can deliver balls 
that are true spheres to within one ten-thousandth part 


Atlantic City & Shore R. R. Ball Bearing Main Journals in 
Service Four Years, 


of an inch, at relatively small cost. This led to attempts 
to employ a series of rows of balls instead of rollers. 
After an endless number of expedients to provide for 
proper load distribution had been tried without success, 
the simple plan of using a single row of balls and that of 
suitable proportion for the load was adopted. This re- 
sulted in a journal having no appreciable length and ac- 
cordingly free from trouble caused by deflection. The 
problem was then to proportion the diameter and the 
number of balls to the load to be carried. As the num- 
ber of balls in a single circle was necessarily limited and 
as the journal diameter could not be indefinitely in- 
creased, it became important to develop the carrying ca- 
pacity as affected by the shape of the ball tracks and the 
nature of the materials. 

A wide range of experiments on various shapes of 
ball tracks proved that a flat ball track would carry only 
about 1/3 the load sustained by a track which had a very 
decided curvature with respect to the ball. That is the 
reason why the Hess-Bright Ball Bearing for axle gen- 
erators, with a groove encircling one-quarter of the 
surface of the ball, can successfully meet severe railway 
conditions. In addition, these deep ball grooves give an 
unusual end thrust capacity. 

It may be safely said that only the recent advent of 


high-grade alloy steels has made the ball bearing possi- 
ble as a heavy load bearing machine element. Fortu- 
nately the DWF (translate “German Small Arms and 
Ammunition Factories”) counted among its various sub- 
sidiary plants two of the world’s leading tool steel works. 
This greatly facilitated the development of the needed 
special alloy steel, and explains why the unusual tough- 
ness and hardness of Hess-Bright bearings can be so 
consistently maintained. 
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Practical Applications. 


. The success of the application of Hess-Bright Ball 
Bearings to axle generators is assured, because. of the 
wide service to which those bearings have been put in 
other and similar ser- 
vice. For four years 
they have been used on ~° 
railway and mining 
motors, from the small- 
est motors up to those 
of 140 H. P. and with 
unparalleled results. 

The largest manu fact- 
urer of mining locomo- 
tives in the world has 
adopted them as stand- 
ard for motor construc- 
tion and in four years’ 
experience, covering 
thousands of motors, 
ball bearing failures can 
be counted on the fin- 
gers of one hand. That 
they have satisfactorily 
met the rigorous de- 
mands of mining service 
in such manner is evi- 
dence that they may be 
thoroughly depended 
upon for axle generator _ 
service. They are being 
regularly used by scores 
of manufacturers of 
heavy duty machinery, 
and such has been the 
success regularly attend- 
ing their use, that a 
Hess-Bright Bearing is 
by very many users con- 
sidered the resort when 
all other types of bear- 
ings have failed. 


Method of Application. 


The manner in which 
ball bearings are applied 
to axle generators is 
shown on the above cut. 
Two bearings are used 
on each generator; the one on the commutator end 
being confined as to its outside race to take the end 
thrust. The deep race groove of the Hess-Bright Ball 
Bearing gives it unusual capacity for resisting end shock, 
of which there is so much in this service, due to the 
side surge of the armature in rounding curves. The 
size of bearing is No. 7412, the ball diameter being 
1 1/16". Each of these balls has a crushing load of 90,- 
000 Ibs. The separator used in this type of bearing is 
made from manganese bronze, in two half sections, 
rivetted together. This construction is such that every 
ball could be crushed or removed from the bearing and 
the separator would be sufficient to carry the armature 
for some time and to prevent it from dropping on the 
pole pieces. Ball failure is so unusual as to be negligible, 
but provision is thus made for insurance against it. The 
grooves in which the balls roll have a greater radius 
than that of the ball and therefore considerable tilting is 
permitted in the bearing without in any way impeding its 
free rolling action. The possible ‘amount of shaft de- 
flection is about 1/16” to the foot. This is evidently far 


Fig. 6. Sectional Drg. of 7412 
Bearing as used on Axle Gene- 
rators. (This diagram is 
full size.) 
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more than could ever be required on an axle generator 
bearing.” aes | a 

The housing around the bearing is designed to. hold 
grease. ‘The retention of this in the box is provided for - 
by the lip and groove closure at the points of shaft entry, 
Evidently the frequency with which lubricant must be 


Fig. 7. Parts of an Axle Generator with Ball Bearings Ready for 


Assembling, 
supplied entirely on the efficacy of its retention in the 
housing. With the ordinary grease it will usually be 
found necessary to lubricate about every two months 
and the housing should not be filled entirely full of 
grease at this time. The grease used must be free of 
acid or alkali, in order that it shall not pit the finely pol- 
ished surfaces of the bearings. It should be fairly soft 
and should hold its body up to a temperature of at least 
150° Fahrenheit; it should not pound thin in service. 
In the event of question as to a grease, temporary usé 
may always be made of vaseline, although this will pound - 
thin in service. The grease may be applied by some 
form of grease gun through the 34” diameter nipple pro- 
vided in the housing. Approximately ™% lb. of grease 
will be necessary with the average machine at a charge, 
every two months. A ready comparison of the savings 
possible in lubrication alone may be made, considering 
that the average generator on plain bearings must be 
lubricated seven to twelve times per month. 


THE NEW NORTHWESTERN LIMITED. 


On November 15th; the C. & N. W. Ry. placed a new 
train in service, the new Northwestern Limited. This 
train runs regularly between Chicago and St. Paul, and 
as regularly made up, consists of a baggage car, 
a standard coach, one end of which containing accom- 
modations for 24 persons has been partitioned off as a 
smoker; a chair car; a diner; a lounging car; a stand- 
ard 16-section sleeper; a standard sleeper containing ten 
sections, two compartments and a drawing room; a third 
sleeper containing 14 sections and one compartment; 
and the observation-compartment car at the rear, making 
nine cars in all. 

The Pullman equipment of the train is of all steel 
construction while the remaining cars are remodeled 
Northwestern equipment having steel underframe con- 
struction, steel sheathing and wood interior finish. 

A special feature of the train is found in the loung- 
ing car, which was rebuilt at the company’s shops and 
embodies several entirely original features designed for 
the comfort and convenience of the passengers. This 
is divided into two main compartments, the library and 
buffet parlors, respectively, between which is the 
steward’s larder. These compartments are luxuriously 
furnished and have a distinct aspect of home, not found 
in the usual passenger car. 
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Motor Talk No. 3 


SERIES WOUND MOTORS. 


Series wound direct current motors are usually made 
for operation on circuits of constant voltage, and are so 
connected internally that the current passes through 
both the field and armature windings in series. The 


FTHEOSTAT 


Connections for Series Motor and Rheostat. 


M01 Off 


Fig. 11. 


largest field of application of these motors is for railway 
purposes, but they are also used in considerable num- 
bers for hoists, cranes, etc., and in other cases where 
variable speed motors with powerful starting torque are 
required. 

The windings on the fields of series motors are of 
large cross section in order to carry as much current as 
the armature, and both field and armature windings are 
made with as low resistance as possible in ord- 
er to keep down the ..watts lost in them. By 
_ having small resistance in the armature windings we 
also get better speed regulation.. One of the principal 
points of difference between series and shunt motors is 
that shunt motors run at practically constant speed re- 
gardless of load, whereas, series motors vary greatly in 
speed with load variations. The speed falls off as the 
load comes on, and rises when the load is reduced. 

When the motor is running light the energy taken 
from the line will be just enough to enable the motor to 
overcome the internal losses, such as friction, core loss- 
es, etc. As the armature speed increases there will be 
an increase in the counter E. M. F. and the current will 
decrease. (This action was explained in the first article 
of this series.) But, the field coils are in series with the 


armature windings, so the field strength will be reduced 
by the reduction of current flowing and the armature 
must run faster in order to generate the same counter 
EK. M. F. as before. The result is that there is a tend- 
ency for series motors to run away under a very light 


Starting Rheostat Line 


Fig. 12. 


Connections for 4-pole Series Motor. 


load or with no load at all. That is why they are only 
safe where always under control of the operator. 
When operating under load the counter E. M. F. de- 
creases a little because of the reduced speed, and this 
allows more current to flow, strengthens the field and 


Starting Wheostat 


Switch 
eaeee —F 


»A and D are Armature Terminals 
B and C are Field Terminals 


Motor connected for Counter Clockwise Rotation. For Clockwise Rotation change 
external connection from B to C and connect A to B at the Terminal Block 


Fig. 13. Four Pole Series Motor with Connection Board. 
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increases the torque. The torque of a series motor is 
dependent upon the amount of current flowing through 
it, because the field strength varies with the current in- 
stead of being independent of armature current as with 
shunt motors. A strong starting torque can be produced 


Start ine 
Rheostat 


Line 


Fig. 13. Connections for Bi-Polar Series Motor. 


by allowing a large amount of current to pass, thus 
making the series motor especially good for hoists and 
railway service. There will however, be a different 
speed for each !oad because the field strength increases 
as the load is applied and drops off with load. 
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way Type Motor. 


Since the field coils are made of comparatively heavy 
wire, and of few turns, series motors cost less to build 
than shunt or compound motors, and are less liable to 
be burned out in service. On the other hand, speed con- 
trol is obtained usually through the addition of large 
capacity and comparatively expensive series resistances, 
although it is possible to get good speed variation through 
varying the number of turns in the fields. A variable 
shunt in parallel with the field is also used at times. 
Where. two or motors are used on the same machine, 
such as on street cars, the custom is to use resistances 
and to connect the motors in series or parallel to vary 
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the speed. This is an economical way of doing it, but 
cannot be used to good advantage with single motors 
except by varying the field connections (series and par- 
allel) as is sometimes done on automobiles. 


The Question Box. 
Editor Shop Motor Section :— 


In a text book I have been studying there is a prob- 
lem in motor design I cannot work, and I would like to 
have you answer it in your paper so some of the other 
boys can see how it is done. 

This motor is supposed to have an armature resist- 
ance of .25 ohm and a field resistance of .15 ohm with 
a friction loss of 380 watts. The armature contains 900 
turns and the total magnetic flux is supposed to be two 
million through the armature. It is a series motor. 

With this data we are supposed to tell what the arm- 
ature speed and brake horse power will be with 20 amp- 
eres flowing if the motor is connected to a 400 volt cir- 
cult. We have never had any series motors here and I 
do not know how to go about it, so won’t you please 
tell me. 


K. L. Me 


Answer—The total loss of volts in the machine will 
be equal to the total ohms X the current, or 20 x (.25 x 
.15) 8 volts. Taking this from the line voltage, 400 
— 8= 392 volts left to overcome the counter E. M: F., 
of the motor when running. To produce this C. E. M. 
F., the speed will have to be equal to the quotient ob- 
tained by dividing the product of the volts (392) times 
one hundred million by the number of turns times two 
million. Asa formula, this will be m — 392 x 100,000,000 
+900 x 2 x 1,000,000 — 21.8 revolutions per second, or 
1308 RaPaMe 

The total rate of doing mechanical work is 332 x 20 
== 7840 watts of which the friction loss is 380 watts 
leaving 7460 watts or 10 H. P. at the brake. (746 watts 
== 1 electrical horse power). 


G. Wee 


NEW BOOK ON CAR LIGHTING. 


Dr. Max Buttner, of Berlin, has just completed a most 
comprehensive treatise on the subject of car lighting in 
England, Continental -Europe, America and India. The 
book takes up candle, oil and gas lighting and describes - 
briefly the various systems now in use. It then goes into 
the subject of electric car lighting very extensively, and 
describes practically all of the various systems which are 
in use at the present time. 

It is written in German so this book may not be avail- 
able to many of us in its present form. Various parts of 
it, however, will be translated from time to time and 
given in connection with the A. B. Car Lighting Lessons 
as published in the Railway Electrical Engineer. 

The book may be procured from Julius Springer, Pub- 
lisher, Berlin, Germany, W. 9 Linkstrasse 23-24. 

It sells at 6 marks, $1.50. 


EDISON STORAGE BATTERY DATA BOOK. 


The Edison Storage Battery Co., of Orange, N. J. 
have just issued a data book giving blue prints of curves 
showing operating characteristics of the Edison Storage 
Battery. A flexible leather binding is provided with the 
data book and additional sheets will be supplied by the 
Edison Company from time to time for this book. This 
data book has been distributed gratis to railroad men di- 
rectly in charge of railway car lighting matters. 


: 
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Lesson No. 10 
Axle Lighting 


THE BLISS-BUCKER SYSTEM. 


a 


Of all the car lighting devices ever devised, the system 
of control developed by Mr. W. L. Bliss, known as the 
“Bliss Bucker,”’ is one of the most interesting from a 
student’s standpoint. Experience has shown however, 
that this equipment seems to have been a bit too compli- 
cated for effective service for there are few of them that 
are still in service. But this equipment, contains many 
unusual features, and we as students of car lighting meth- 
ods and devices should be well informed on this subject. 


Bliss Geneerator With Spring Gear Drive, 


Fig. 46, 


The Generator Drive. 


The equipment as originally designed had a spiral 


spring gear drive combination as shown in the accom- 
panying illustrations, Figure 46. A two armed dog 
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Fig. 48. 


AIR SWITCH ‘ (CN z 
SF 


was clamped solidly to the car axle and a split quill with 
a large gear at one end and two dogs at the other, was 
driven by means of four springs connecting to the axle 
dogs. This whole quill ran in a roller bearing, and the 


Fig. 47. Bucker with Lower Half of Housing Removed. 


large gear meshed with a pinion on the armature shaft 
of the generator. As is at once evident, this outfit was 
cumbersome to install and maintain and absorbed-a large 
amount of power from the generator axle. In the later 
types of ‘““Bucker” equipment this spring gear drive was 
supplanted by the belt drive as used on most of the 
car lighting generators today. 


The Bucker. 


It is in regard to the bucker principle, however, that 
this equipment is of particular interest. The bucker con- 
sists essentially of a little motor generator set, the gene- 
rator armature of which has two entirely separate and 
distinct windings. One of these windings has a compa- 
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Wiring Diagram, Bliss-Bucker System of Car Lighting. 
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ratively large number of coils, and is placed in series with 
the generator field, this is known as the “field bucker.” 
The other has a few coils of heavy wire and is placed in 
series with the lamp circuit, this is called the “lamp 
bucker.” The field winding of the bucker is of heavy 
wire and this is placed in series with storage battery, as 
shown in the accompanying diagram, Fig. 48. 

As the generator picks up and the automatic switch 
closes, the bucker armature will be driven 
at full speed by its-own motor.. Then, as 
the train speed rises further a charging cur- | 
rent will begin to flow into the battery, but # 
this passes through the series field-of the } 
bucker and generates an electro motive 
force in the coils of the field bucker which 
opposes the flow of current through the f 
generator fields. This cuts down the gen- 
erator field slightly and reduces the voltage f 
nearly to normal value. 

As the train speed rises higher, the & 
generator voltage will tend to increase 
still further and will cause a higher Auto Switen. 
battery charging current to flow. This in turn will pro- 
duce a stronger field bucker voltage and cut the generator 
field current down still further, again bringing the gen- 
erator voltage back to practically normal value. There is 
actually a slight rise in generator voltage, however, for 
at the higher speeds there must be a heavier charging 


re re 


Fe Baytiar Palle | | OAL LARP rE? 


s 2 
eae Cen =e 
Bree | [abe | Lalodand Lae Set 


Fig. 49. Curves of Test Under Day? and Rite Conditions. 


current flow to effect proper field bucker strength; this 
may require a rise in generator voltage of 6 or 8 volts to 
force this higher current flow through the battery. 

The writer made an extensive test in 1906 of a car 
equipped with this system on the Northern Pacific be- 
tween St. Paul and Portland. Figs. 49 and 50 show 
some typical curves of the operation of the equipment. 

It is seen from these curves that with a train speed_of 
20 miles per hour, which is just about cutting in speed, 
the generator voltage was at 62 volts, the field bucker 
voltage 5 volts and the generator field current 13 amp. 
When the train speed got up to 31 m. p. h., however, the 
generator had increased to 65 volts, field bucker to 25 
volts, and this bucking voltage in the field circuit had re- 
duced the field current down to 8% amperes. At a still 
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higher train speed of 50 miles, the generator voltage had 
risen to 68 volts, the field bifeker voltage to 39 volts and 
the generator field ¢urrent had been pedueed down to 5 
amperes. 

Lamp Bucker. 

As stated above, there is a definite rise in generator 
voltage which is proportional to the rise in train speed 
above critical speed, so in order to compensate for this 
variation in voltage and provide constant voltage on the 
lamps, the lamp bucker was designed. 

The windings of the lamp bucker armature are on the 
same core with the field bucker armature, and receive 
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Fig. 50. Curves Showing Power Absorbed in 
the Bliss Bucker System. 


the Various Parts of 


the same magnetising strength and operate in the same 
magnetic field which is generated by the battery charging 
current. As there are a comparatively small number of 
turns in the lamp bucker winding, it will develop but a 
few volts, but this will.be at all times proportional to the 
field bucker voltage. 

It is seen from: the curves, Fig. 49, that 20 miles per 
hour, which is the cutting in speed, the lamp bucker was 
developing only about 1 volt, while at 30 miles per it was 
developing 6 volts, and at 50 miles per hour 10 volts. 

This lamp bucker is placed in the lamp circuit but its 
voltage opposes the flow of lamp current supplied by the 
generator and at the 50 mile speed when it is generating 
a bucking voltage of 10 volts, it reduces the generator 
voltage from 68 volts to 58 volts, which is about normal 
value. 

It is evident that with 4 lamp bucker, where it is sim- 
ply a question of voltage, the regulation will be entirely 
independent of the number of lamps that are lighted, and 
it will also automatically compensate for the rise in gene- 
rator voltage at the higher train speeds. When the gen- 
erator is not operating the “Triple Contact” on the auto- 
matic switch short-circuits the lamp bucker armature. 

With this system the generator takes care of any lamp 
load that may be required and charges the storage bat- 
tery entirely independently. In the day time, when the 
lamps are turned off, the generator current is simply re- 
duced by that amount, and is just high enough to de- 
velop field current, battery charging current and drive the 
bucker motor. This point will be observed by comparing 
the left half of Fig. 49 which is under night operation 
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with the right hand column of curves which is 
for day operation. This lamp bucker, however, does not 
give any absolute regulation of lamp voltage as may be 

obtained with some of our modern lamp regulators. It 
should be noted that the lamp voltage is the difference 
between the generator voltage and the lamp bucker volt- 
age. Now, as the batteries become charged, they will re- 
quire a higher voltage to force a definite charging cur- 
_ rent to flow, but as the lamp bucker voltage for any cer- 
| 


tain train speed remains about the same, the lamp voltage 
with a battery nearly charged will be considerably higher 
| than under the same train speed with a battery of low 
_ charge. 
The curves of Fig. 50 showing the variation in power 
_ absorbed in various parts of this axle equipment, will be 
_ found of interest. The curves are plotted with train 
speed horizontally and watts and generator efficiency ver- 
tically. 
It should be noticed that the power used up in the gene- 
_ rator field circuit rapidly falls off from 460 watts at 23 
miles to 90 watts at 50 miles, and the power consumed 
by the motor which drives the bucker also falls off rapid- 
ly from 350 watts down to 35 watts. This latter point 
‘may seem strange, but at the higher speeds, both the field 
bucker and the lamp bucker act as a motor and help drive 
the bucker. The total watts of the motor and bucker as 
shown in these curves remains constant at about 400 
watts. 
The power taken to drive the split sleeve gear drive 
arrangement is shown to vary from 800 watts (1 h. p.) 
mat 23 miles to 9600 watts (1% h. p.) at 50 miles. The 
generator stray power is also excessively high. These 
two latter items undoubtedly account for the low efficien- 
cies under day and night operation. . 
One of the most interesting of this set of curves is the 
battery input curve which shows the way battery charge 
‘rises with train speed. This is expressed in watts, but 
can easily be reduced to amperes by dividing by 60 for 
an approximate figure. This starts from O at 20 miles 
per hour and increased almost directly with the increase 
in speed above that point. 


Setting the Regulator. 


As stated above the battery is charged at all times 
while the train is above cutting in speed entirely, inde- 
pendently of the number of lamps that are lighted. This 
charge varies however, from one ampere, just above cut- 

ting in speed, to 7 or 8 amperes at about 50 miles per 
hour. An adjustable shunt across the bucker series fiel:| 
windings makes it impossible to shunt more or less of the 
battery charging current away from the bucker. Or in 
other words, increase the battery charge by the amount 
of current shunted. 

To set this regulator at the proper Value, the average 
speed of the train must be known. This can be easily 
obtained, however, from the train schedule. Then know- 
ing the number of hours the generator will be in opera- 
tion on each run, the charging current can be adjusted 
at the average train speed so as to provide a charge in 
ampere hours about 50% greater than the average dis- 
charge at the stops. 


Example. 


If the train covers 350 miles in 11 hours, one hour of 
which is spent at stations and stops, etc., it will make an 
average speed of 35 miles. If the lighting during these 
stops aggregates 1 hour, and the terminal lighting 3 hrs. 
the total discharge amounts to 10 amp. for 4 hours or a 
total of 40 amp. hrs. (60 volt equipment). This, increased 
50% to allow for battery inefficiency, and for emergencies 
makes 60 amp. hours, which on a basis of the generator 
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operating 10 hours would require a setting of 6 amperes 
when the train is at the average speed of 35 miles. 
The January lesson will be on the Everett Regulator. 


Head End System. 


SYSTEM IN USE ON HARRIMAN LINES. 

The main difference between the headend system of 
the Harriman lines and that of other roads is that in 
charging, the battery is cut in two, and the two halves, 
being of but half the voltage of the whole battery, are 
then charged in parallel to full capacity without raising 
the line voltage at all. As a matter of fact an iron grid 
resistance must be placed in circuit to prevent the charg- 
ing current going too high at the beginning of charge. 
The switchboard and wiring connections are clearly 
shown in the wiring diagram and view of switchboard. 
It should be noted however that two double pole circuit 
breakers are provided. One for the battery circuit and 
one for the generator circuit. A volt meter contact 
switch makes it possible to read the voltage of either a 


Cars with Segment Contacts 


Switchboard of Union Pacific 
for Charging Resistance. 


Fig. 51. 


half battery, total battery, generator, busbar, train line, 
positive to ground and negative to ground. 

Some of the Harriman lines having two sets of 
circular segment contacts with a handle which can be 
twisted in cutting in or out resistance grids, instead of 
closing or opening resistance circuits with knife blade 
contacts as employed on the Northwestern. 

One resistance is placed in each battery circuit and 
each battery charging current can be adjusted independ- 
ently of the other in the U. Pac. system. 

The battery is charged about midnight when the lamp 
load is low and to do this the battery. switch is thrown 
‘nto the charge position. It takes 2.5 volts per cell to 
charge a battery to full capacity and while train line 
voltage of 64 would not be sufficient to fully charge 32 
cells of battery in series, when the battery switch is 
thrown to the charging position the battery is cut into 
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two parts of 16 cells each. This at 2 volts per cell makes 
them but 32 volt batteries, so they can easily be charged 
with the standard lamp voltage of 64 volts. 

On account of the low voltage of the half battery, it is 
necessary to insert an iron grid resistance in series with 
the batteries to keep the charging current from rising to 
such a high value that it might buckle the battery plates 
or overload the generator. The grids of this resistance 
are short circuited one by one by closing the single knife 
switches shown at the bottom of the board, so that as 
the charge proceeds and the current tends to fall off, it 
may be boosted by cutting out this resistance and raising 
the impressed voltage on the battery. 

The instructions given train men regarding charging 
are to charge each half battery at 30 amperes, (60 am- 
peres for the two half batteries on the dynamo car and 
60 amperes for the two half batteries on the observation 
car), until the battery charging voltage raises to 40 volts 
for each half battery. In warm weather however, it may 
be found that battery voltage will never get as high as 40 
volts, in fact, it may not go above 37 volts. It should 
be noted however, that.the battery voltage rises slowly 
on charge and finally reaches a maximum, usually abour 
40 volts and then doesn’t rise above that maximum. The 
charge should be continued until two successive readings 
of voltage at least 15 minutes apart show the same indi- 
cation, but be sure the charging current is kept up to 60 
amperes for each battery. 
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In opening a generator field circuit it is well known 
that there is always a big spark. This is caused by the 
fact that when ‘the generator field is up to full strength 
there is a large amount of energy stored up in that field. 
When you open the circuit this energy must come out of 
that field pretty sudden, and in doing this it actually 
boosts its own discharge voltage up to several hundred 
volts for a small fraction of a second. This is why men 
sometimes get a pretty severe “kick” when a field cir- 
cuit is broken even with a 30 or 60 volt system. 

This arcing which usually occurs on opening a field 
switch tends to burn the knife contacts, so on this board 
there are two lower contacts on the field switch with an 
elbow extension of the switch knives below, which, just 
as soon as the knife blades leave the upper contacts, they 
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short circuiting these two lower knife blades, and when — 
the switch is opened, instead of producing a fat spark, the 


energy stored up in the generator field it is dissipated by 
a discharge current flowing through this resistance for 
a fraction of a second. This is merely a small detail not 


entirely necessary but which keeps the field switch from 


being burned by arcing. 


One of the troubles with the Northwestern system is 


that if one or more cells in a half battery become slightly 
sulphated due to grounds or short circuits, the voltage of 
that half battery containing these sulphated cells wil} 


rise more rapidly than the other half battery when they 


are placed on charge. The result of this will be that the 


Fig. 53. 


Generator Switchboard, C. 
Contacts for Cutting in or Out Charging Resistance. 


half battery which is in bad condition will receive less 
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& N. W. Ry., with Knife Switch — 


charge than the other half which is in normal condition. — 


Now, when a battery becomes sulphated the thing to 
do to cure the trouble is to break up that sulphate by a 
long’ vigorous charge. If the battery is left in a half 
charged condition it will sulphate still further and go 
from bad to worse. . 


But to get back to our train lighting battery; the 


half battery which is in good condition will receive a full 
charge while the other half with the sulphated plates 


will not, and at the end of charge the one half will be 


up to full capacity and show normal voltage when tested 
with a lamp load, while the other half will be somewhat 
below normal and will be run in an undercharged con- 
dition. This will cause the cells which are in trouble 
to sulphate further and on the next change even a more 
unbalanced condition will exist. It is obvious that this 
is one of the troubles which must be very carefully 


guarded against when batteries are being charged in par- _ 


allel as in this system. 


Another thing to be careful of is overcharge. When 


you have a voltage of 64 volts available for charging a 


16 cell battery, this is fully 20 volts higher than will ever 


be required to bring those half batteries up to full capac- 


ity, and the tendency will be for the electrician to “give’er 
enough juice to last a while” by short circuiting more of 


~~ 


the grid resistance than is actually needed at the time and — 
then proceed to take a rest and forget about his battery 


on charge. 
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The battery should be watched very carefully at about 
the end of charge. Some times it may take only two or 
three hours charging, and other times it may take eight 
er ten hours charging to bring the battery up to full 
capacity. It depends upon what discharge the battery 
has had while laying in the station or in the yards, or at 
engine changes, etc. The electrician can usually tell in a 
general way what the condition of the battery 1s by the 
voltage on charge. Readings of voltage should be taken 
every 15 minutes near the end of charge, and in warm 
weather if you get two or three consecutive readings of 
about 37 or 38 volts, or in modern weather 40 volts, or 
in the coldest weather 40 to 45 volts it is safe to assume 
that the battery is fully charged and the charge may be 
then discontinued. 

Next month’s lesson to be on the B. & O. system. 


RAILWAY CONDULETS. 


Condulets for railway cars, shops, round houses and 
yards were shown at the recent convention of Railway 
Electrical Engineers, in Chicago. The designs included 
types for practically every wiring requirement not al- 
ready provided for by older forms of Condulets, and be- 
ing exhibited here for the first time, they attracted much 
attention. In all about thirty different styles were 
shown, as well as special receptacles and plugs for use 
with individual types. From among these we have chosen 
those illustrated below as exemplifying the force of the 


~ Crouse-Hinds slogan “A separate type for every require- 


ment.” 

Type MD Condulet provides a mechanical means for 
connecting and disconnecting the wires leading from the 
dynamo to the regulator in the car. It is in two principal 
parts: A female section, which acts as a receptacle, and 


Type M. D. Condulet in Closed Position. 


a male section, which acts as a plug. The female por- 
tion contains the contacts, and is fastened underneath 
the car, in the same manner as the wooden terminal 
blocks heretofore used for this purpose. The male, or 
plug portion, is attached to the cables leading from the 
dynamo. The plug is inserted in the receptacle by means 
of a lever which insures positive contact between the 
contact parts. This contact cannot be broken except by 
operating the lever. The lever is provided with a device 


to fock it into the closed position. 


The contacts are the knife-blade type, 200 amperes 
capacity, and so designed as to insure perfect contact at 
all times. They are well protected from the weather, 
dust and dirt, and all current carrying parts are thor- 
oughly insulated. Ample room is provided in the con- 
dulet for making all connections. The whole device is 
substantially constructed, to withstand the severe usage 
to which it is subjected in railroad work. 

One of the principal advantages of type MD condulet 
is that it prevents incorrect connections being made 
when trucks are replaced after having been removed 
from the car for repairs. Another feature is that the 
electrical connections between the dynamo and the regu- 
lator can be instantly disconnected without the use of 
tools or the removing of parts which might become lost. 
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Connections can be made or broken by car men, without 
the services of an electrician, thereby saving time and 
labor. Provision is also made for securing to the con- 
dulet the cable covering which protects the dynamo 
wires. In brief, type MD condulet is a labor saving and 
fool-proof connecting and disconnecting device. 

Type RS condulet is the trade name of a rectangular 
junction box with removable top and open sides. Single 
hub plates, two-hub plates or blank metal plates, which 
last can be drilled and tapped for conduit as desired, are 


2. Type R. 8S. ‘Condulet with Cover. 


we 


Fig. 


provided for the open sides. Cover and side plates 
alike are fitted with gaskets which make the joints water- 
tight. Hexagon head machine screws are used to fasten 
cover and side plates in position. Type RS condulet 
measures ¥% inches long and 4 inches deep. One-hub 
and two-hub side plates are made with holes tapped for 


Two Hole Side Plate. 


all sizes of conduit from %4 to 2 inches, inclusive, as 
specified. As these side plates are interchangeable, prac- 
tically any desired combination for conduit openings can 
be secured. na a 

Another feature of type RS condulet that recommends 
it strongly is that there is no loss of fittings resulting 
from the cracking of the box while being drilled for 
conduit, as frequently occurs where one-piece boxes are 
used. 

Yard charging condulet, type UGC, consists primarily 
of two parts—upper and lower. The upper part acts as 
a housing for two charging receptacles of 100 ampere 
each. This receptable housing is so designed that the 
inserted plug can be locked in position, and, wnen the 
plug is withdrawn, detachable plates furnished with the 
housing can be locked over the openings into the re- 
ceptacles. The lower part serves as a junction box and 
is equipped with hubs, drilled and tapped for 14-inch, 
1%4-inch or 2-inch conduit. 

When the yard charging condulet is mounted on the 
surface, the two parts, referred to above, are bolted to- 
gether, by means of heavy hexagon head cap screws, 
with a gasket placed between the two parts, to insure a 
water-tight joint. The lower part is supplied with four 
lugs, or ears, through which bolts pass to secure the con- 
dulet to its foundation. 

Frequently it is desired to run the conduits under- 
ground and have the receptacles elevated to a convenient 
height. To permit the installation of this yard charg- 
ing condulet in such a manner, two extension cover 
plates are provided, one for the receptacle housing and 
one for the lower part. These extension plates are each 
furnished with a hub drilled and tapped for 2-inch con- 
duit. They are fastened to their respective parts by 
means of hexagon head cap screws, gaskets being used 
to make joints water-tight. The lower part can be 
placed underground, with the upper part on or above the 
surface of the ground ,and the two connected by 2-inch 
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conduit of the desired length. For the convenience of 
those using the Anderson plug and receptacle, this con- 
dulet can be had wtih a cast grid which will accommo- 
date the Anderson type “A” receptacle. The grid and 
receptacle can readily be mounted within the receptacle 
housing. 

The general design of both receptacle and plug made 
LOratype WGC condulet has been carried out with due 
regard to maintenance and accessibility of the various 
parts. The receptacle is made of strong composition. 
The contact parts are perfectly insulated and secured to 
a moulded composition body by a rocking spring which 
allows the contact parts to adjust themselves to any angle 
of the plug. The plug is so made that the contact parts 
can readily be cleaned. A perfect contact is insured, 
because there are no openings or crevices to fill with 
thereby prevent the proper insertion of the 


dirt and 


arranged for Yard Charging with Under- 
ground System, 


Fig. 4. U. G, C. Condulet 


plug. Should any cinders or dirt collect in the re- 
ceptacle, the entering plug would force the accumulation 
into a space provided for it in the rear of the housing. 


The plug is of strong construction, being a single piece 
of best quality, moulded composition, in w hich contact 
parts are firmly embedded. A composition, strain relief 
collar is furnished with each plug, to remove all strain 
from the wire terminals encased in the handle of the 
plug. The plug is so designed that a short circuit or a 
reversal of polarity when the plug enters the receptacle 
is impossible. It is also provided with barriers, to pre- 
vent short circuiting when lying about the yard. 

Type FBL and FBR condulets were especially de- 
signed to meet the requirements of the Association of 
Rail way Electrical Engineers, calling for a suitable de- 
vice to accommodate a 100 to 300 ampere fuse for bat- 


Type F. B. L. Condulet. 


Fig. 5. 


tery circuits on electrically lighted cars. Type FBL is 
arranged for mounting at the left end and type FBR for 
mounting at the right end of the battery box. Other- 
wise the two types are the same. 

These condulets are of substantial design and well 
suited to meet the most severe service. Each is pro- 
vided with a close fitting hinged cover with catch which 
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protects the contents of the condulet from dust and the 
weather. Each condulet is regularly furnished with a 
fuse block to take a 100 to 200 ampere N. E. C. eng 
closed fuse. Terminal connections are of the soldered 
type, although the connection leading from the fuse to_ 
the battery can be disconnected without unsoldering any 
connection. ) 

An adjustable fuse holder is made for use with these 
condulets where it is desired to mount.an open link, in 
stead of an enclosed fuse, and will accommodate any 
open link fuse not less than 2% inches or more than 3° 
inches in length on centers. This fuse holder is pro= 


Type R. Q. K. 


Receptacle with Plug, 


ae with knife blade contact terminals which engage > 
the fuse terminals on the fuse block furnished with the 
condulet. 


Types RQH and ROK receptacles (30 ampere ) are 
fe) designed 1 that they may be properly mounted in — i" 
dulets of the QH or OK series, respectively. 


Ixach receptacle consists of a moulded — 
body in which copper contacts are placed in such a man- . 
ner that uniform contact with the current carrying parts 4 
of the plug is obtained. : 


Type RQ plug is for use with either type ROH or 
ROK receptacle. It is of moulded, insulating composi- | 
tion to which the contacts are firmly secured, and is Samm 
constructed as to prevent any strain at the wire termi- — 
nals. 


4 


As the plug can only be inserted in the receptacle in 
one position, it is impossible to reverse the polarity of the — 
circuit. This will be recognized as a feature of ex= 
ceptional merit. } 


Each of the condulets with which type ROH recep- 
tacle is used has a hinged cover which can be closed and ~ 
locked after the plug is removed, thereby preventing the — 
insertion of the plug by an unauthorized person. if 


Both plug and receptacle, when used with the proper 
condulet, are exceptionally suited for use in railroad — 
shops, freight houses, round houses, automobile garages, 
work shops and, in fact, any place where a substantial, ~ 
well protected receptacle and plug of this capacity are 
desired. 


NEW BOOK ON ALTERNATING CURRENT 
MACHINERY. 


“Alternating Current Machinery” is the title of a new 
book just published by the American Schools of Cor- 
respondence, Chicago. The author, William Esty, takes’ 
up the fundamental principles of alternating current, 
which he so simplifies that they are easily understood 
by the reader. The author then describes in a simple 
manner the fundamental principles of measuring instru- 

nents, alternators, motors, transformers, converters and 
switchboard appliances. 

This book will be found a good investment for any 
man operating alternating current machinery. It is well 


illustrated, with half-tones and diagrams; 467 pages. 3 
Price $3.00. i] 
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Reflector Design. 


The article on “Reflecting Media,” by Mr. A. J. 
Sweet, published in this issue, developssome fundamen- 
tal principles regarding the reflection of light from vari- 
ous surfaces. One of the most general misconceptions 
in all illuminating engineering is that the reflection of 
light from all surfaces follows the law, ‘““The angle of 
reflection equals the angle of incidence,” and very many 
reflectors, particularly of the enameled steel and opal 
type have been designed with this law as a basis. Sub- 
sequently these have been changed after service tests 
proved them to have been improperly designed. 

Whenever a beam of light strikes a surface of opal 
glass, enameled steel or a painted or papered wall, the 
light instead of being reflected as a solid beam with re- 
flecting angle being equal to the angle of incidence, 
is reflected in all directions, and the photometric curve 
of this diffused beam is approximately a’ circle 
tangent at the reflecting surface, with the maximum 
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flux of light perpendicular to the surface of reflector at 
all times. 

Another important point developed by Mr. Sweet. is 
the small influence of a glazed surface on the character 
of the reflected light. The ‘actual amount of specular 
reflection from the glazed surface of enamel or glass 
is very small except at grazing angles, and there is very 
little change effected in the photometric curve of any 
porcelain enamel or opal reflector by eliminating the 
glaze from its surface. 

A careful consideration and a better understanding 
of the laws of reflecting media which are presented in 
this paper by Mr. Sweet will without doubt result in a 
more accurate design and better understanding of the 
use of reflectors both by manufacturers and illuminating 
engineers in general. 


Light As a Shop Efficiency Factor. 


Railroad practice of today has been developed largely 
by mechanical men and the various mechanical opera- 
tions involved in all the various industries about a rail- 
road shop have been developed to a fairly good point of 
commercial efficiency. 

Shop illumination, one of the biggest and most im- 
portant factors in the efficiency of any shop, however, is 
sometimes woefully disregarded, probably due to a lack 
of appreciation of what good illumination is and its 
important bearing on shop efficiency. 

It actually pays, and pays well, to provide enough 
illumination to give a wideawake appearance to a shop. 
This will do a great deal toward increasing the cheer- 
fulness of the men as well as their ability to see better 
and work,faster. It will also largely counteract their 
tendency to lag as hours of darkness and quitting time 
approach. 

It will be found that the average cost of lighting in 
a well lighted shop is but 1 per cent. of the total wages 
paid. This means that if, by having a well lighted shop 
which both gives the men a cheerful attitude and in- 
creases their ability to work, they can save 30 seconds 
per hour, this will more than pay for the entire cost of 
the shop lighting. When considered on this basis the 
answer is self-evident—provide ample and properiy de- 
signed illumination, placing initial cost and the minimum 
allowable foot candles in the background. 

Good light is a good investment which will bring re- 
turns an hundred fold. 


The Exhaust Steam Turbine. 


The heating problem in a railroad shop is such an 
important one that where exhaust steam turbines have 
been installed and operated during the summer time to 
give a higher economy of either reciprocating engines 
or high pressure turbines, the general practice has been 
to discontinue their use in the winter time when it has 
become necessary to use the exhaust steam in heating 
the shop. Some installations, however, have recently 
been designed with a hot water heating system in which 
the heat of vaporization still remaining in the steam 
after leaving the exhaust steam turbine is transferred 
to a hot water heating system. 

In the severest months of the winter it may be found 
necessary to turn additional live steam into the hot 
water heating system in order to maintain normal tem- 
perature in shops, but this will not in any way militate 
against the successful operation of the exhaust steam 
heating plant. When this practice of hot water heat 
becomes more general it will greatly extend the use of 
exhaust steam turbines in railroad shops at all times of 
the year. 
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Roundhouse Wiring. 


The report of the Committee on Wiring of Buildings 
stirred up an interesting discussion on roundhouse wir- 
ing at the last A. R. E. E. convention. Obviously one 
of the most important considerations is to remove all 
conduit or open wiring, in so far as possible, from the 
corrosive influence of the steam and gases in the smoke 
zone of the roundhouse. With the burning of sulphur 
found in the majority of soft coals, sulpher dioxide is 
formed. This, together with the steam emitted from 
the stacks condensing on the cold pipe work above in 
a little time forms dilute sulphuric acid which rapidly 
attacks all iron and copper work. This also causes the 
rubber insulation of the wire to deteriorate very rapidly. 

Open wiring on the roof, open wiring or conduit out- 
side the roundhouse just under the eves with condulet 
taps through the brick wall at each stall, open wiring 
or conduit placed inside the roundhouse just over the 
windows and the same installed at various other posi- 
tions inside the roundhouse, have all been employed 
with varied success. The system in which the lighting 
mains are run as open wiring or conduit just under the 
eves outside the roundhouse, from which taps are made 
through the wall at each engine stall, however, seems 
to have the best of the argument. 

With the headlight system of roundhouse lighting, it 
becomes possible to place practically all the wiring and 
conduit work outside of the roundhouse where it is en- 
tirely removed from the corrosive effect of the gases 
inside the roundhouse, 


Association News. 


The majority of the committees for the ensuing year 
have now been appointed and are given in the Associa- 
tion Directory on page 20 of this issue. The personel of 
four of the committees has not been determined as yet, 
but this will undoubtedly be published next month. 

Secretary Andreucetti states that the specifications 
which were accepted at the October Convention of the 
Association are now about ready for letter ballot and 
will be sent out to the ranking senior active members 
very soon. 

The Question Box. 


Mr. C. R. Gilman, Chairman, advises that the “Ques- 
tion Box” is open for business and requests that mem- 
bers send in any questions they may have, addressing 
him, care C., M. & St. P. Ry., Milwaukee, Wis. 

These questions will be published and subsequently 
answered in the RAILWAY ELECTRICAL ENGI- 
NEER, and this department will without doubt prove a 
valuable addition to the activities of the Association. 


St. Louis Car Lighting Club. 


The car lighting boys, located at St. Louis, have re- 
cently organized a car lighting club and have given it 
the title of- “Pioneer Electric Train Lighting Associa- 
tion.” (St. Louis air in the winter time is evidently 
conducive to a keen sense of humor.) ; 

The officers of the Association are: H. F. Pfeffer, 
‘Ch. Elec. Mo. Pac. Ry., President; J. E. Wray, Frisco 
R. R., Vice President; G. C. Elbreder, Elec. Burlington 
Ko K, secretary) ChosaC) Birch of the Pullman om 
reasuter, “Board of) Governors: C. A. Frank, Bic 
Four ;)P. Bo-Streeper, Wabash R: R.: HP! Reed, sae 
i. A. Corbitt, of the Pullman Company.. ; 

The organization though only a little over a month 
old, has a membership of between seventy and eighty. 
It is designed to have meetings every two weeks, the 
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first hour of which is given over to a business session, 
after which the meeting is thrown open and it is the 
purpose of the organization to have one or more ad- 
dresses given by prominent people on subjects of inter- 
est to Car Lighting Engineers. The addresses are to 
be along lines of general instruction, as the object of 
the members is to improve their knowledge of car light- 
ing methods. The meeting held on December 7th had an 
attendance of sixty odd, the principal address being 
given by Mr. Fagin of the Crouse Hinds-Company, 7 


RAILWAY ELECTRICAL ENGINEER’S HAND BOOK. 


Mr. C. W. Bender, Commercial Engineer of the Nae 
tional Electric Lamp Association, has just completed his 
new hand book for electrical men. The first edition of 
this hand book was published about two years ago, but 
the present edition is thoroughly revised and somewhat 
enlarged. { a 

It describes all of the various straight storage, head-— 
end and axle generator systems for car lighting, and 
gives some interesting information on the cost of equip- 
ping cars for electric lighting. The author then takes 
up the general subjects of storage batteries, incandes- 
cent lamps, illumination in general and the illumination 
of passenger equipment, conduit and wire data, general 
data, tables and definitions. 

Under head-end systems the author describes the 
various types in general use as follows: Straight engine 
generator system with and without batteries, the Gould 
booster system, the General Electric system, and the 
B. & O. system employing lamp regulators on each car. 

Under axle generator the author describes the vari- 
ous systems as follows: Newbold. Consolidated types 
“A, D and L,” the Gould Simplex, the Buttner, Brown 
and Broveri, Leitner, Mather and Platt, Safety types 
“F and D,” Stone, U. S. Lt. & Htg. Co. typess Ham 
and S*.” 4 

Few will appreciate the vast amount of work which 
has been involved in compiling this hand book. It is 
only through the untiring efforts of one so well versed 
in all car lighting matters as Mr. Bender that the pub-— 
lication of this hand book is made possible. 

Only a limited edition of these books has been 
printed. Copies are not for sale, but can be obtained 
by steam railroad employees who are interested in elec- 
tric train lighting and illumination, when the request is 
made through a chief official of a railway department. 


~, 


ELECTRIFICATION OF THE SWISS RAILWAYS. 


The electrification of the State railways of Switzerland 
is a subject which has been before the Federal Council 
of that country for several years. After a thorough im- 
vestigation and considerable experimenting, a commission 
has reported in favor of the single phase alternating cur- 
rent installation with a trolley voltage of 15,000 volts. — 

The first application of electrification as motive 
power for operating the Swiss State railways will be m 
the St. Gotthard route, where there are many steep 
grades and numerous tunnels, one of which is over nine 
miles long. On this line particularly electrification is 
looked upon with special favor, as it will eliminate the 
disagreeable passage through many long tunnels filled 
with smoke. : 

The commission estimates that the cost of electrifica- 
tion of the entire government system, aggregating 1/00 
miles, will be approximately $14,000,000.00, including 
the cost of water power development. The cost of opera- 
tion, on the other hand, will be reduced about 10 pet 
cent. over present costs with steam power. 


o 
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New Rock Island Cars 


Some of the lighting features of the new cars being 
placed in service on the Rock Island lines will doubtless 
be of interest to our readers. The car fixtures are of 
specially novel design and are shown in the illustration 
of the interior of the dining car. A satin finish prismatic 
Holophane reflector with a slightly flaring shirt is used. 


Seven Garland ventilators are supplied for providing 
fresh air in the dining room, and two of these, one 
placed in the kitchen and one in the doorway in front 
of the buffet are of the combination blower type de- 
scribed in the Railway Electrical Engineer of August, 
1912. The blower operates when the train is at slow 


Fig. 1. 


To some this might appear as rather a plain unit for 
dining car illumination, but the decorative design of the 
bronze fixture is such as to entirely relieve this. A 
tosseled skirt extending down over the reflector gives 
it an effect of artistic draping. 

Many fixtures are designed with elaborate bronze 
decoration above, which shows up very well in day- 
light. But at night, when the lights are on, the glare 
of the lighted lamp makes it entirely impossible to see 
this decorative work. With this fixture, however, the 
little decoration which is provided, looks very well in 
the day time, while at night with the lights on it stands 
silhouetted against the white background of the satin 
finish reflector. 

Five 50 watt lamps are placed in large units down the 
Center of the car, while small units with a shorter fixture 
stem and 15 watt lamps are placed on the quarter deck, 
directly over each table. 

The car is equipped with Safety type “F” equipment 
and a Willard train lighting battery of 280 ampere hour 
Capacity. The fixtures were designed by the Safety Car 
Htg. & Ltg. Co. in conjunction with the Rock Island 
engineers. These diners are of steel construction 
throughout, except for the interior finish of the dining 
toom, which is in cherry red mahogany. 


Interior of Diner. 


speed or in the station, in fact, any time the automatic 
switch is open it exhausts into a Garland ventilator of 
special design. This blower exhaust induces an added 
flow of air through the Garland ventilator even when 
the car 1s at rest. A hand switch is provided so that the 
blower may be turned off at will. 

These two blower ventilators being installed in the 
kitchen and passage way provide a continual exhaust 
from the kitchen, which prevents any fumes or odors 
from finding their way into the dining room. 

An illumination test of the diner was made, using a 
Sharp-Millar photometer, and six stations were taken 
on each of the larger tables with three readings at each 
station. The results as given on the accompanying 
diagram show the illumination on the row of test sta- 
tions, (1) next to the windows, (2) down the center of 
the tables, (3) near the aisle edge of the tables. The 
excessively high illumination at one end is due to the 
influence of the center deck lamp placed over the buffet. 
At this end this lamp is 4 ft. 7 in. from the adjacent 
lamp in the dining room, while at the opposite end, the 
buffet lamp is 7 ft. from the nearest lamp in the dining 
room. In general, however, it may be said that this car 
gives a very pleasing effect and as far as the naked eye 
can observe, the illumination is very untform. 
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The satin finished reflectors completely enclose the 
bare lamps and give a soft, pleasing effect. The walls as 
well as ceiling are finished in medium dark mahogany, 
yet the distribution curves of the prismatic reflectors are 
such that the light is directed to the tables and the reduc- 
tion of efficiency from the dark walls and ceiling is of 
little consequence. 

The car had been in service for more than six months 
previous to test, and was tested just as it was received 
from the road without any cleaning or replacement of 
lamps or reflectors, so this is strictly a service test. 


Fig. 2. Switchboard in Baggage Compartment, 


TEST DATA. 


Average Illumination, 3.04 ft. candles. _ 

Height of Lamp (center deck), 8 ft. 57 in. 

Height of Lamp (quarter deck), 7 ft. 2 in. 

Number of lamps in dining room, 5 50 watt; 
watt. 

Lamps in front of buffet, 2 50 watt. 

Voltage on lamp circuit, 33 volts. 

33 volt lamps used in fixtures. 

Sharp-Millar photometer used in test. 
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_ Vol. 4, No, Sam 
Station No. Ft. Candles | Station No. Ft. Candles 
Illumination. Illumination, 
1 1.90 16 3.70 
2 2.66 i, 3.06 
3 3.01 18 2.30 Fi 
4 3.29 19 2.19 
5 2.70 20 2.90 
6 1,99 zt 3.54 
7. a7; 22 3.59 
8 3.26 23 2.99 
9 3.93 24 2.26 ¥ 
10 3.91 25 2.57 
11 3.24 26 3.47 
12 2.57 27 430 
13 2.31 28 476 
14 3.03 29 3.70 . 
15 3.76 30 2.86 . 
Baggage Cars. 
The baggage compartment of a combination car shown _ 
herewith is illuminated by enameled steel reflectors, 4 
which are deep enough to entirely hide the lamp when — 


viewed from ordinary positions. 


25 watt units are em- 


- 


ployed. All these are mounted Crouse Hinds condulets — 


at 4 ft. spacings. This small unit at close spacing, as 
employed in this car, 
distributed illumination of the room. 
should be desired to use 50 watt lamps instead of 25 
watt units, as installed in this car, alternate lamps can 


easily be removed and the tap in the condulet plugged. | 


gives a very uniform and well — 
If, however, it 


It should be noticed that all conduit work for the 


wiring of this car is installed inside. The conduit carry- 
ing individual wiring circuits is placed in the center of 


the ceiling, while that carrying the through train lines — 


is placed in the wall just over the door and window 
line. 


The regulator and switchboard panels are mounted in — 


a steel locker as shown in the accompanying illustration. 
This is divided into two compartments with two separ- 


ate doors, either of which may be locked. The panels 


are mounted on “Z” bars, which provide ample room for 
all wiring behind the board. This is a marked improve- 


ment over the older type construction with wiring placed © 


in a wire gutter at the edge of the board. The locker 
lamps are mounted in a special condulet receptable door 
switch, and the green pilot lamp on top of the locker 
connects right through the steel panel to this condulet 


switch. Safety type “F”’ lamp regulator and type “D” — 


generator regulator are employed with Willard train 
lighting batteries of 300 ampere hour capacity. 


FOOT CANDLES 


Curves 


Showing Intensity of 


FOOT CANDLES 


Iilumination on Tables. 
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Reflecting Media 


By Arthur J. Sweet, Commercial Engineer with the Holo- 


Let us give, the while, free rein to our imagination, and 

- Jook in upon an office where a number of clerks are working 

} under artificial light. The correspondence or records which 
the clerks are reading, and the papers upon which they write, 

jie on flat-top desks about 2% feet above the floor. The room 

is lighted by bare lamps located near the ceiling. The lamps 

. throw most of their light on the walls and ceiling where it is 

_ absorbed and lost, and only a small amount upon the desks 
below, where the clerks need it for their work. The illumin- 
ation on the desks is‘ very dim. The clerks show the effect 

of the poor illumination by the inefficiency with which they 

_ work and by the fact that most of them wear eye-glasses. 

The manager enters. He has just learned that, by putting 
reflectors over his lamps, he can more than double the illum- 

- jmation on the desks of the clerks without increasing in the 
slightest his lighting bill. The reflectors will intercept the 
light which is now thrown upon the walls and ceiling and 

Targely lost, and will redirect this light downward upon the 

desks. The manager orders reflectors installed. 

_ The scene changes. The reflectors have been installed. Un- 

fortunately, however, the reflector is not of a scientifically 
designed type. It consists of flat strips of silvered glass, 
fastened together to form a cone-shaped reflector. The 

reflectors quite efficiently throw the light down upon the 
desks but give very uneven lighting. Some of the desks are 
too brightly illuminated, others are not even as bright as 
they were before reflectors were installed. The manager 
sees that he is on the right track, but that he will have to 
find a reflector which not only throws the light down, but 
re-directs it in each downward direction in such proportion 
as to give a uniform, even illumination throughout the office. 
Again the scene changes. A scientifically designed silvered 
glass type of reflector has been installed. The desks through- 
out the room are brightly and uniformly lighted. For a while 
the manager and the clerks are thoroughly pleased with the 
new installation. Gradually, however, it begins to be noticed 

_ that headaches are of frequent occurrence, and likewise aching 
or burning of the eyes. Further observation shows that 

there is a very considerable, though at first unnoticed, re- 
flected glare from the papers or desk surface, directly into 
the eyes of the clerk at work. This reflected glare is found 
to be the cause of the headaches and eyeaches, and also to 
directly interfere with the working efficiency of the clerk. 

_ The manager realized that his second choice of reflector has 
not been suited to the requirements of his service; but he 
has grown to appreciate the vital importance of good illum- 
ination, and he decides to continue his attempts to obtain it. 

The next scene shows light-density opal reflectors installed 
in our office. The illuminating efficiency of this type of re- 
flector was found to be considerably lower than that of the 

mirrored glass reflector, and at first the illumination on the 
desks was not bright enough. This defect was remedied, 
however, by installing a larger size of lamp, with resultant 
increase in the cost of lighting. Under the new installation, 
the office has a particularly bright and attractive appearance. 

The illumination is sufficiently uniform throughout the office, 

and is of such a character that the reflected glare from the 

work is not great enough to be seriously objectionable. The 

clerks are generally pleased with the instaJlation, while the 
manager feels that the slight increase in lighting cost is well 
justified if he has at last obtained the long-sought, thorough- 
ly-satisfactory system of lighting. 

Our manager, however, is of a scientific turn of mind, and 
has become, by his experience and by the reading it has sug- 
gested, a man well-informed on illumination. He notices 
that the light-density opal reflectors permit a great deal of 
light to pass through their sides, and that this light shines 
into the eyes of the clerk every time he looks up. The light 
is so well diffused that it causes the clerk no discomfort, but 
the manager wonders if the working efficiency of the clerk is 
not affected. He obtains a number of other types of re- 
flectors, and scientific apparatus with which to make the test, 
and starts in to investigate. 

He finds he must separate the typical clerk’s work into 
two conditions,—that when the clerk is looking down and 
that when he is looking up. So long as the clerk keeps his 
eyes glued to his work, that illumination is best which is the 
most diffuse; but when he looks up, that condition of instal- 


* Publication rights reserved. Abstract of this paper may, how- 
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lation is best which sends least light into his eyes. Our 
manager finds that the light-density opal reflectors permit a 
comparatively large amount of light to enter the eyes of the 
clerk every time he looks up; that this light in the eye very 
appreciably reduces the capacity of the eye to see; and that 
it requires several moments after the clerk’s gaze has dropped 
again to his work before the normal working efficiency of the 
eye is regained. 

By these simple pen pictures we have indirectly described 
the line of scientific progress in the history of Illuminating 
Engineering. At its birth some ter years ago, the science of 
Illuminating Engineering gave its chief attention to increas- 
ing the efficiency of lighting systems by re-directing and 
utilizing the light which would otherwise have been emitted 
by the bare lamp source towards walls or ceiling and there 
largely wasted through absorption. Just as the name of Dr. 
Louis Bell is inseparably linked with the movement which 
led to the recognition of Illuminating Engineering as a 
separate science, so this efficiency period in the science brings. 
first to mind the name of Mr, V. R. Lansingh. The illuminat- 
ing engineer still finds this efficiency problem one of his. 
chief concerns, but his view-point has, with the passing of 
the years, become very much broadened. 

Illuminating Engineering soon found that it was not suffi- 
cient to send the light in some downward direction. The 
reflector employed must be so designed as to control the 
light rays and to emit them in proper proportion in each 
direction, so as to produce the desired result, whether uni- 
form illumination or a concentrating, spot-light effect. 
Progress along this line was brought to a practical comple- 
tion in 1909 by the appearance of the author’s paper, 
“Standard Relations of Light Distribution.” 

The question of light control took on an entirely new as- 
pect as the’serious evil of reflected glare from the work began 
to be generally recognized. In the establishment of this new 
view-point none has contributed more valuable work than 
Mr. J. R. Cravath. The science of Illuminating Engineering 
has just completed this stage of its development, while the 
practice of Illuminating Engineering is just passing into it. 

The science of Illuminating Engineering is now facing the 
question of light control from the stand-point of the possible 
evil of excessive light in the eye, whether received directly 
from the light unit or by reflection from the walls. Author- 
ities are divided as to the objectionable character of. such 
light in the eye, providing the intrinsic brilliancy of the 
source from which the light is directly received be not too 
high. The author is one who believes that existing data is 
sufficient to establish that such light in the eye is objection- 
able, and frequently very seriously objectionable. If so, a 
new importance is added to the question of light control. 

Through all these changing phases of Illuminating Engin- 
eering, through all this broadening aspect of our science, runs. 
the common subject of light control. Illuminating Engin- 
eering is at bottom essentially the study of what results ought 
to be obtained by light control; and of how to obtain such 
desired light control. A knowledge of the laws upon which 
light control depends is therefore of fundamental importance 
and of far-reaching practical value. 

No light source has yet been devised, nor, so far as we now 
know, ever can be, which gives of itself a sufficiently satis- 
factory type of light distribution. The correct distribution 
must be obtained by re-directing the light rays after they 
have been generated by the light source. Re-direction of the 
light rays can be accomplished to a very limited extent by 
passing them through a diffusing or refracting medium; but 
the degree of light control afforded by this means is so slight 
that control by diffuse transmission or by refraction has. 
properly a very limited application to practice. It is only by 
reflection of the light rays that an adequate degree of light 
control can today be obtained. 

It is the purpose of this paper to set forth the fundamental 
laws according to which reflecting media act, and to show the 
application of these laws to the practical problems of reflector 
design and choice of reflector. 

Probably the most current misconception in the field of 
Illuminating Engineering is the widespread supposition that 
all reflecting media operate in accordance with the law, “The 
angle of reflection equals the angle of incidence.” Scarcely 
a three months period passes that some new reflecting unit 
is not erroneously designed in accordance with this law, given 
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wide commercial prominence, and received and installed in 
service by able engineers who ought to know better. Of 
course, such ill-advised types eventually meet their well- 
deserved fate in that final court of appeal, service. But long 
before that, another unit, different in appearance but iden- 
tical in erroneous principle, has appeared and is seeking, not 
without success, for commercial favor. ae 

The law, the angle of reflection equals the angle of inci- 
dence, does apply in all cases to the reflection of the 
individual, single light ray by the molecular particle. It does 
not universally apply to the reflection of a beam of parallel 
rays by a reflecting body of appreciable size. And this latter 
is the only problem in which, as practical enginers, we are 
interested. 

All reflecting media fall into one of three separate, well- 
defined classes, each obeying its own unique and independent 
law of reflection. Any intelligent design, any intelligent 
choice of reflector tor service, must associate the particular 
reflector in question with the general law under which it 
operates in reflecting light. These three laws are the Law 
of Specular Reflection, tne Law of Diffuse Reflection and 
the Law of Spread Reflection. 


EXPRESSION OF 


GAAPHICAL 


LAW OF SPECULAR FIEFLECTION. 


“he Law of Specular Refle ction is graphically illustrated 
by Fig. 1. This is the law in obedience to which mirrored 
reflectors, prismatic clear reflectors, and polished metal 
reflectors act. Under this law, when a beam of light strikes 
the reflecting surface, it is reflected, less a certain loss by 
-absorption, in a single direction. This direction depends up- 
-on the angle at which the beam strikes the reflecting sur- 
face, the law being expressed by the phrase, the angle of 
reflection equals the angle of incidence. 

Theoretically, a specular medium, such as clear prismatic 
glass or as silvered glass, should give perfect light control; 
that is, with such a medium, we ought to be able to obtain 
any desired type of light distribution. To this theoretical 
condition we could closely approximate in practice if the 
Wight source were a point source. Unfortunately, commercial 
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* The photometric curve is a one dimension curve, like a voltage- 
time curve. Hence to show a reflector and lamp super-imposed on such 
a curve may possibly lead to a misconception. The method is here fol- 
lowed in the endeavor to make clear the way in which the reflector 
operates to control the light rays. It should, however, be remembered 
that junder the scientific conventions upon which the photometric curve 
is based, the light source, including reflector, is considered to have 
become a mere point, located at the co-ordinate zero. 
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light sources depart very widely from the theoretical point 
source. When, therefore, any point on the surface of the 
reflector is designed to reflect in the desired direction the 
beam which comes from the center of the light source, it 
may reflect in other than desired directions the beam from 
the two extreme ends of the light source. As this condition 
usually works out in practice, the beams from the two ex- 
treme ends are reflected in approximately the desired direc 
tion but at a greater or less divergence from the exact de- 
sired direction. 

The prismatic reflector permits a certain amount of the 
light incident upon it to pass through. Such light as is 
reflected, however, is reflected on the same principle as in 
the case of the mirrored reflector. 

Fig, 2* illustrates the basis on which any reflector obeying 
the Law of Specular Reflection is designed. The various por. 
tions of the surface of the reflector are inclined at such 
angles to the light source as to reflect the light in proper 
proportion in the desired direction. The figure shows an 
actual photometric curve of light distribution, as given by a 
reflector especially designed to concentrate the light at an 
angle of 40° from the nadir. 

A second class of reflecting media, in which are included 
porcelain enameled metal reflectors and opal or white glass 
reflectors of all types whatsoever, obeys the Law of Diffuse 
Reflection. Most ceiling and wall surfaces also obey this law, 
which is graphically presented by Fig. 3. Under the Law of 
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LAW OF DIFFUSE FREFLECTION 


Diffuse Reflection, when a beam of light strikes the reflect- 
ing body, the parallelism of the rays composing the beam 
is broken up, and these rays are reflected in every direc- 
tion through an arc of 180°. The number of rays reflected 
in each direction are proportionate to the chords of a circle, 
drawn tangent at the point where the incident beam strikes 
the reflecting body. The direction of the reflected light is 
independent of the angle at which the incident beam strikes 
the reflecting body, the maximum reflection being always 
perpendicular to the surface of the body. 

It will at once be seen that diffusely reflecting media afford 
only very limited possibilities of light control. Reflectors 
made of such media may efficiently re-direct the light in a 
general downward direction, but have no capacity to re- 
direct the light in desired proportion in exact, definite direc- 
tions. Such a thing, for instance, as a concentrating opal 
reflector or a concentrating porcelain enameled reflector is 
an impossibility. 
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Figs. 4 and 5 will make clear the limitations of diffusely 
reflecting media in the matter of light control. 

Referring to Fig. 4, let us first analyze the results obtained 
trom a flat porcelain reflector, so large that it intercepts 
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practically all of the light emitted by the bare lamp above 

° The light distribution given by such a unit will be 
composed of two elements,—the light emitted directly by the 
bare lamp and not intercepted by the reflector, and the light 
reflected by the reflector. The intensity of the light emitted 
by the bare lamp in each downward direction is shown by 
the short-dot broken line curve. In the matter of reflected 
light, each minute point on the surface of the reflector will 
act in accordance with the Law of Diffuse Reflection (Fig. 
3), and will reflect the light in each downward direction in 
proportion to the chord of the tangent circle. Since all these 
reflecting points lie in a single plane, the sum total of the 
light reflected by them will be correctly represented by a 
circle, as shown in the long-dash broken line curve of Fig. 
4. By the simple process of adding the direct light and the 
reflected light, we obtain the light distribution given by the 
unit as a whole. This is shown in the full line curve of Fig. 4. 
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Let us now consider in Fig. 5 a bowl-shaped reflector made 
from the same media, porcelain enameled metal. Again we 
have the two elements, the direct light and the reflected 
light. The reflector intercepts all light above approximately 
50°, so the direct element is confined to the 0°-50° zone. 
As for the reflected light, each minute point on the surface 
of the reflector obeys by its nature the Law of Diffuse 
Reflection, and gives a light distribution of the tangent cir- 
cle type; but the fact that these reflecting points are not 
on a single plane makes the determination of the nature of 
their combined light distribution a more complex problem. 

Fig. 6 shows diagramatically the reflection from a number 
of typical points on the reflector surface. At points near the 
neck of the reflector, the maximum ray (M) is emitted at no 
very great angular divergence from the vertical, while the 
vertical ray (V) is of not much lesser magnitude than the 
maximum. Light reflected from points near the top of the 
reflector therefore tends to build up the end-on or vertical 
candle-power of the complete unit. The rays not included 
between the two black-faced rays are reflected at such angles 
as to be a second time intercepted by the reflector surface, 
and they therefore undergo a second reflection, with conse- 
quently increased absorption losses. 

As reflecting points further and further from the neck are 
considered, it is seen that the angular ,_ivergence of the 
maximum ray from the vertical increases, while the magni- 
tude of the vertical ray diminshes. Before the point mid- 
way between the neck and the mouth of the reflector is 
reached the maximum ray is feflected at such divergence 
from the vertical as to be again intercepted by the reflector 
surface and undergo second reflection. The tendency, there- 
fore, of light reflected by the middle and lower portions of 
the reflector is to increase the candle-power of the unit as a 
whole at the higher angles. This tendency, however, 1s 
counteracted by the intercepting or eclipsing action of the 
reflector itself; so that at some angle, such as 40° in Fig. 3h. 
the two tendencies just balance, and the candle-power, which 
= been increasing from 0° to this angle, begins to dimin- 
ish. 

Figure 5 presents a truly typical curve of the light distri- 
bution given by a diffusely reflecting medium, The dotted 
curve, which represents the same total amount of light as 
the full line curve, is the theoretical curve of diffuse reflec- 
tion, unmodified by any direct light or by any eclipsing action 
of the reflector. A comparison of the two curves brings 


out clearly the tendency of the candle-power, in the case of 
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the actual bowl-shaped reflector, to increase with increased’ 
angular divergence from zero degrees until this increase is 
checked and the candle-power gradually reduced to nothing 
by the eclipsing action of the reflector. 

The above discussion applies equally to an opal reflector, 
as well.as to a porcelain enameled reflector. The only dif- 
ference in the case of the opal reflector is the non-essential 
one that the reflector gives in addition a certain amount of 
transmitted light. 

The above discussion broadly indicates the very limited 
degree to which any exact condition of light control can be 
obtained with a diffusely reflecting medium. If all that is 
desired in a general downward reflection of the light, with a 
shape of distribution varying between that of the full line 
curve of Fig. 5 and the short dash, broken line curve of Fig. 
7, such results can very satisfactorily be obtained by an 
opal or porcelain enameled reflector; but if concentration of 
the light at zero degrees or at any other angle (see Fig. 
2) is desired, such results can only be obtained by a mirrored! 
or prismatic type of reflector. 


QACRAM SHOWING 
REFLECTIVE Action AT TYPICAL 
POINTS ON SURFACE OF 
OMFFUSE FEFLECTOR. 


Fig. 6 also makes clear that multiple internal reflection is- 
the chief cause of light absorption in a reflector acting by 
diffuse reflection. Opal glasses can be obtained having al- 
most or quite as high a coefficient of reflection as silvered’ 
glass. Porcelain enamels can be obtained with a high though 
not as good co-efficient of reflection. But whereas, in the 
case of the mirrored or prismatic reflector, the ray is re- 
flected once and then directed out through the mouth of the 
reflector, in the case of the opal or porcelain enameled’ 
reflector, the ray may be reflected back and forth within the 
reflector many times before it finally escapes through the 
mouth of the reflector. This factor of inefficiency is intrinsic 
with all diffusely reflecting media and cannot be eliminated. 
Its objectionable influence can be considerably lessened, how- 
ever, by employing an opal or porcelain having a high co- 
efficient of reflection, so that the amount absorbed at each 
added reflection is as low as possible. 

Opal glasses differ very widely in the relative proportions. 
in which they reflect and transmit the light incident upon 
them. The greater the optical density of the opal, the 
greater will be the amount of light reflected by it and the 
less the transmitted light. On the other hand, the greater 
the optical density, the greater the loss of light by absorp-. 
tion. This arises from the fact that most of the rays cannot 
get through the reflector wall of dense opal glass, and are 
therefore reflected and re-reflected until they at last escape 
through the mouth of the reflector. However, since the 
office of a reflector is not merely to screen the light source 
but to re-direct the light rays, an opal glass of at least mod- 
erate density must be employed if the reflector is to fulfill 
this latter function at all satisfactorily. 

Opal reflectors are generally classified as light density opal 
reflectors, medium density opal reflectors and heavy density 
opal reflectors. While no sharp line of division can be drawn 
between the three classes, the classification is proper and’ 
convenient. The light density opal reflector, which at pres- 
ent, being pushed on the market for purely commercial 
reasons, has considerable vogue, gives so relatively small an 
amount of reflection as to make it decidedly inferior to the 
heavier density opal types in most classes of service. 

Considerable difference in shape of opal or other diffuse 
reflectors makes only slight difference in the type of light 
distribution given thereby. This naturally follows in the 
nature of a corrollary from the application of the Law of 
Diffuse Reflection. Since the distribution of reflected light 
from any point on the reflecting surface is represented by a 
tangent circle, a very considerable change in the slope of the 
surface must be made before the magnitude of light re- 
flected in any given direction is greatly changed. Moreover, 
considerations of appearance and of adequate screening of 
the light source quite definitely pre-determine reflector size, 
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—that is, diameter and height. Hence, as between two diffuse WHLENEE IE 

reflectors designed for the same size of lamp, if one slopes Cuance cv Lave Pesriton av CHUACIER GLE Te 
more steeply near the neck, it will of practical necessity WW CASE OF 

slope less steeply near the mouth. The differences in dis- PRISMATIC CLEAR FEFLECTOR. 
tribution of reflected light from points near the neck and JEST WITH 60 WATT, CLEAR TUNGSTEN FILAIIENT LA/TP, 
from points near the mouth are therefore in opposite direc- 
tion, and largely compensate each for the other. 

Change in position of light source relative to reflector 
does not affect to any considerable degree the nature of the 
light distribution given by a diffuse reflector. It has already 
been pointed out that the amount of light reflected in each 
direction depends, at any point, on the slope of the reflecting i Pe SSN 
surface and not in the least upon the angle at which the 
incident light strikes that surface. If this were the only 
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consideration, therefore, change in lamp position would ty nt aes S 
have absolutely no effect on light distribution. There are, \ ATM Nee SSS f q 
however, two other considerations, (1) As the position of \ ee SS a 


light source is raised in the reflector, the direct light is 
eclipsed to a greater and greater degree. This slightly modi- 
fies the distribution of the light unit, in the direction of re- 
ducing the candle-power at the higher angles, (2) As the 
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order for the glaze to reflect of itself any considerable 
amount of light, it is necessary for the incident light to 
strike the glazed surface at a comparatively grazing angle. 
In a bowl-shaped reflector of practical shape and dimen- 
sions, it is impossible to have any considerable amount of 
light strike the reflecting surface at such grazing angle. The 
LS d glaze in any practical and satisfactory type of opal or porce- 

2 ; lain enameled reflector, has, therefore, a negligable effect 
in modifying the light distribution. q 
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INILUENCE ON LIGHT DISTRIBUTION OF 
DEPOL/SHING INSIDE OF HlEaAvVY DENSITY OPAL FEFLECTOR. 
TESTS WITH 60 WATT, 10 V, TUNGSTEN FILAMENT LAME 


position of the light source is raised in the reflector, an in- 
creased amount of incident light falls upon reflecting points 
near the neck. This tends, with the reflector shapes usu- 


ally employed, to slightly increase the end-on candle-power A POLISHED. ON REE TT TLL LL 
ae to sient ree ane eee PONCE at the higher fies alice Os ea sa 
angles. e net effect, therefore, of changes in position Lh ee NTT TT ; 
of light source is to give slightly greater Sede Pane: il ees SS 
power and less light at the higher angles as the light source ie ec Hl 
is raised. Fig. 7, shows on a representative basis the degree Be, UIE 
to which the type of light distribution is changed by change eee Uy 
in lamp position. It will be noted that the changes in shape Bee, Yl) 
of curve are relatively small, although the changes in lamp Becesee UY, 
position are comparatively large. SS ELESeset ey Yj, 

Fig. 8 shows on a correctly representative basis the extent { NSssssae=eee yy, 
to which similar changes in lamp position effect changes in SSS = ELI 
light distribution in the case of a prismatic reflector. The SSL 
opal reflector of Fig. 7, and the prismatic reflector of Fig. SSsan=2eee22Z) 
8 have identically the same shape, and the corresponding . SSSR Se. 
lamp positions at which the tests were made are identical. ISS SS 
The very high dégree of light control afforded by a pris- ISS Z 


matic reflector and the very slight degree afforded by an 
opal reflector is strikingly brought out by a comparison of 
these two figures. It will of course be understood that a 
mirrored reflector would give in this respect similar results 


to a prismatic, while a porcelain enameled metal reflector It would be possible to design a reflector whose light dis- 
would give similar results to an opal reflector. tribution would be modified to small yet appreciable degree 
A very general misconception exists, even among Illum- by light specularly reflected from the glaze. But such de- 


inating Engineers. as to the degree to which a heavy glaze 


may modify the type of light distribution given by an opal or of a nature to unfit the reflector for practical service. 

porcelain enameled reflector. Such reflection of light as is Figs. 9 and 10 are typical of the small degree to which 
accomplished by the glaze itself, rather than by the reflector glaze-reflected light modifies the light distribution in the case 
body behind the glaze, obeys the Law of Specular Reflection. of practical commercial shapes of reflector. The reflector of 
Hence, such glaze-reflected light is susceptible to a very Fig. 9 was a heavy density opal, that of Fig. 10 a medium 
high degree of light control. Most previous discussions of density opal. Both reflectors had an extreme degree of glaze. 
this subject leave the impression that the amount of such The reflectors were tested in their initial glazed condition 
glaze-_reflected light may, in the case of a heavily glazed and again after the glaze had been thoroughly etched off. 
reflector, be sufficient to materially modify the type of light It will be noted that the glaze had an entirely negligable 
distribution. This impression is thoroughly erroneous. In effect in modifying the light distribution. : 


sign would almost invariably involve objectionable features 
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No error of sufficient magnitude to be of any practical 


jmportance will be made by assuming that all opal and 


porcelain enameled media obey perfectly the Law of Diffuse 


Reflection. 


INFLUENCE ON LIGHT LUSTRIBUTION OF 
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é: From the foregoing extended discussion of the operation 
of the Law of Diffuse Reflection in practice, it should be 


me (1) 


opal or porcelain enameled media as though they obeyed the 
Law of Specular Reflection are foredoomed to failure.* All 
talk of “concentrating” porcelain enameled reflectors, of the 


opal or pore evident that all attempts to design or to employ 


i “focus” of such reflectors, of “Extensive” or “Focusing” opal 


reflectors, betokens on the part of him who is guilty of it 


_ the most extreme ignorance of the laws according to which 
_ reflecting media operate. 
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There is a third class of reflecting media which essenti 
eally consists of depolished specular media. The most 


* Because of the general misconception on this subject, the foregoing 
‘discussion emphasizes the very limited degree to which light control 
Can be obtained with a diffusely reflecting medium. It would be very 
erroneous to conclude from the preceding discussion that opal reflectors 
thave little or no correct application to scientific illumination practice. 
As has been pointed out, there is pract.cally only one shape of curve 
which can be obtained with a diffuse reflector, this being of the type 
which is generally designated as “Intensive.” It fortunately happens 
that the Intensive type of curve is the one which has most general 
application to practice. ‘ 

A correct interpretation of the facts set forth in this article will 
lead to the realization of the two following important considerations 
effecting the application of opal or porcelain reflectors to scientific 
illumination practice. 

The opal or porcelain reflector may be satisfactorily applied to 
many though by no means all cases where the requirements call for a 
broader or less broad curve of the ‘Intensive’ type; but the opal or 
porcelain reflector can never be satisfactorily applied to service where 
the requirements call for a Concentrating, ‘‘Focusing’’ or ‘‘Extensive”’ 
type of curve. 

(2) The design and the application to practice of opal glass re- 
flectors and porcelain enameled metal reflectors should be based on a 
larger knowledge of the scientific principles involved than is now gen- 
erally the case. 
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prominent commercial types representative of this class are 
the satin-finished prismatic reflector and the aluminumized 
metal reflector. A satin-finished or depolished mirrored re- 
flector would also belong to this class. This class acts in 
obedience to the Law of Spread Reflection, which is graphic- 
ally expressed by Fig. 11. In spread reflection, the reflected 
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light tends to obey the Law of Specular Reflection, but 
there is a greater or less spreading of the rays. The maxi- 
mum reflection of light always occurs at an angle equal to 
the angle of incidence. 

Media obeying the Law of Spread Reflection afford a con- 
siderably greater degree of light control than diffuse media, 
and a considerably lesser degree than specular media. The 
extent to which light control is lost by satin-finishing a mir- 
rored or prismatic reflector is clearly brought out by Figs. 
12 and 13. These figures are correctly representative of the 
relative degree of light control afforded by spread and by 
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specular media; but they do not correctly indicate the rela- 
tive degree afforded by spread and diffuse media. By design- 
ing the clear mirrored or prismatic reflector to give a more 
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extreme degree of concentration at the desired angle, say 
at 40° as in the figures, the satin-finished form would give 
a correspondingly increased candle-power at such angle. It 
is possible by these means to obtain a much greater degree 
of light control than would be possible with a diffuse medium, 
though never anywhere near as great a degree as would be 
possible with a specular medium. 
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In point of the influence upon type of light distribution pro- 
duced by change of reflector shape or of lamp location, re- 
flectors following the Law of Spread Reflection occupy a 
position intermediate between specular and diffuse reflectors. 

The foregoing portions of this paper set forth the princi- 
ples in accordance with which reflecting media act. It will 
now be of interest and value to observe the actual operation 
of these principles under conditions correctly and broadly 
representative of actual practice. 
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Various types of reflecting media, representative of all class- 
es at all extensively employed in actual practice, were made up 
into reflectors of exactly similar shape and size. The reflector 
shape employed was that shown in Fig. 6. These reflectors 
were tested with the standard 60 watt, 110 volt, clear bulb 
tungsten filament lamp, the lamp position in the reflector 
being the same for all tests. In the case of translucent types, 
the reflector was first tested in the usual fashion, and then 
tested again with the outside surface surrounded by a 
black velvet cover. By camparison of these two tests, the 
amount of light transmitted through the reflector could be 
determined. The total amount of light emitted by the bare 
lamp being known, the absorption produced by the reflector 
was easily determined. By computation in connection with 
test data on the bare lamp, the amount of direct light, not 
intercepted by the reflector, was determined. In this way, 
the direct light, the reflected lizht, the transmitted light, and 
the absorbed light were separated and evaluated for each 
type of reflector. The data thus obtained affords a most 
complete and adequate means of corroborating by actual 
test the truth of the principles previously here set forth. 


Fig. 14 shows the light distribution results given by the 
bare tungsten filament lamp. The generally recognized 
necessity for the use of reflectors is well brought out by this 
curve. The lamp throws the maximum amount of light 
towards the walls, where such light will be largely absorbed; 
a very considerable amount of light is thrown towards the 
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ceiling; and only about 15% of the total light is thrown in 


useful directions. Of course, some of the light emitted by 
the bare lamp towards the walls or ceiling will be reflected 
by them in such directions as to be useful; but under aver- 
age installation conditions at least 80% of the light emit- 
ted towards the walls and ceiling will eventually be ab- 
sorbed without being useful. 

A striking change over the results given by the bare lamp 
is shown when the mirrored reflector is employed (Fig. 15). 
The high degree of light control and the efficiency at which 
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this control is produced is apparent at a glance. It should 
be noted that the mirrored reflector results are plotted to 
a smaller scale than that employed in the other curves here 
presented. 


a 


January, 


1913. 
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In Fig. 15, as in similar subsequent figures, the direct, the 
reflected, the transmitted, and the total light are separately 
shown. The full line curve shows the total light emitted 
by the unit. The co-ordinates between the short-dot broken 
line and the full line represent the direct light. In the case 
of the mirrored reflector, there is, of course, no transmitted 
light. Finally, the co-ordinates measured off by the dotted 
line show the reflected light. 

One of the most essential things to observe in this and 
subsequent figures is the shape of the curve of reflected light 
(always the innermost curve). The shape of this curve is 
especially indicative of the degree of light control afforded 
by the particular reflecting medium under consideration. In 
the example here before us, the remarkable concentration 
of the light at 40° shows the high degree of light control 
afforded by the mirrored reflector. 


Fig. 16 shows the light distribution given by the clear 
prismatic reflector. Again the curve serves to illustrate and 
emphasize the high degree of light control given by a 
specular medium. This is also very strikingly brought out 
by Fig. 8. A medium which can, by mere change in lainp 
position, produce three such notably different curves as those 
of Fig. 8. must of necessity afford a very high degree of 
light control. 


A comparison of the full line curves of Figs. 15 and 16 
bring out the fact that, although both media act in accord- 
ance with the Law of Specular Reflection, there are minor 
design differences as between the mirrored and prismatic 
types. The action on the above law is modified, to small de- 
gree in the case of the prismatic reflector by the transmis- 
sion of light which takes place through the sides of the re- 
flector. The light which, in the case of the mirrored reflector, 
causes the marked projection of the curve near 0° is almost 
entirely transmitted in the prismatic reflector. 

Figs. 17 to 20 inclusive show the light distributions given 
by four representative opal types. In comparing these 
curves, the first thing to be observed is that their curves of 
reflected light are all very similar in shape, though all radi. 
cally different from the reflected light curves of the prismatic 
and mirrored types. The reflected light curve of any one of 
the four opal reflectors splendidly illustrates the operation of 
the Law of Diffuse Reflection, and the slight degree of light 
control given thereby. In this connection it will be remem- 
bered that the curve of diffuse reflection is always a modi- 
fied circle, as described above in the discussion of Figs. 4, 5 
and 6. 

The second feature brought out by Figs. 17 to 20 is the 
great variation in the proportionate amounts of reflected and 
transmitted light. The heavy density opal type reflects by 
far the larger amount of light, and has, therefore, the greater 
illuminating efficiency. Its only objectionable feature is 
that, transmitting so little light towards the ceiling, it is 
apt to give an illumination not so diffuse as could be de- 
sired; and that is especially the case if the inside surface 
of the reflector is not depolished. The heavy density types 
here shown emit little light toward the walls or toward the 
eye, a highly commendable feature from the standpoints 
both of illuminating efficiency and of minimum eye-strain 
and maximum eye efficiency. 

The heavy density opal reflector of Fig. 17 is, in its reflect- 
ing efficiency, much superior to rather than representative of 
the average heavy density opal reflector to-day on the market 
This particular opal, which has as yet been placed on the 
market in only a few reflector shapes, represents the highest 
quality level which has yet been attained by a heavy density 
opal type. Its light absorption is remarkably low for a glass 
of such heavy density and marked reflecting powers. Inci- 
dentally, it is a glass of notably beautiful appearance. Where 
ceilings are dark and the service requirements permit the 
use an opal reflector with fully satisfactory results, this 
so-called White Iris reflector 1s superior to all others, and 
doubly so if artistic considerations are of importance. 

The light density opal reflector of Fig. 20 is the type of 
opal reflector which has at present greatest commercial 
vogue. This vogue is due to no excellence of the reflector 
type, but chiefly to the strong commercial backing which 
it is receiving, and, in lesser measure, to the fact that it 
appeals to certain popular misconceptions of what is desir- 
able in a reflector. It reflects less than one-third as much 
light as the White Iris reflector of Fig. 17. Most objec- 
tionable of all, it emits a large amount of light toward the 
walls, where such light will be most inefficiently utilized and 
toward the eye where such light will tend to produce eye- 
strain and eye-inefficiency. 

It is proper here to say that the manufacturers of the par- 
ticular light density opal glass employed in the test reflector 
have apparently made changes within the past year in the 
constitution of their glass, these changes being in the direc- 
tion of increased optical density. These changes are not, 
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however, of sufficient magnitude to remove all cause for thar 
objections brought out above. It may also be said that the 
values of Fig. 20, exactly as given, correctly represent a 
number of light density opal types at present on the market. 
Fig. 19 represents typical distribution of a medium den- 
sity opal reflector, the type here employed being much 
superior to the reflector of Fig. 20. Where ceilings are light 
colored, and the service requirements permit the use of an 
opal reflector, this type will give quite satisfactory results. 
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It will be noted from the foregoing that the relative excell 
lence of the different opal reflectors depends primarily upon — 
the optical density of the glass and upon the whiteness of — 
the reflecting particle, and not in the least upon any intrinsic — 
differences in degree of light control afforded. : 

Fig. 21 presents the typical distribution given by a porce- 
lain enameled metal reflector. The curve of reflected light 
shows how closely this type of reflector follows the Law of 
Diffuse Reflection. a 

Figs. 22, 23, and 25 show the light distributions given re- 
spectively by the satin-finished mirrored reflector, the satin- 
finished prismatic reflector and the aluminumized metal re- 
flector, and illustrate the operation of the Law of Spread 
Reflection. The illustration in the case of the satin-finished © 


prismatic reflector is not a particularly striking one. The 


reflector shape is one which, with a purely specular medium, 


gives concentration at 40° and also has a considerable ten- 


dency to give concentration at 5°. Now 40° is nearly mid- 
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way between 0° and 90°. With concentration at such a com- 
paratively high angle, the curve of reflected light tends to 
closely approximate to the curve which would be given by 
a diffusely reflecting medium. If the degree of concentra- 
tion is as marked as that shown in Fig. 15, or more so, 
the candle-power falling off rapidly in either angular direc- 
tion, the curve of reflected light will still show an apprecia- 
ble divergency from that which would be given by a similar 
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But even such strong concentration as 
that shown in Fig. 16 is not sufficient to give a spread reflec- 


tion curve differing appreciably from a diffuse reflection 


curve. In short, media obeying the law of spread reflection 
ean afford a considerable degree of light control only when 
the corresponding specular media in the same reflector shape 
would give a very extreme degree of concentration at the 
desired angle. 

The above facts are splendidly illustrated by a comparison 
of Figs. 23 and 24. Both figures show curves given by 
satin-finished prismatic reflectors. The two reflectors are of 
a different shape. The reflector of Fig. 23 is designed to 
give only a moderately strong concentration at 40°. The re- 
flector of Fig. 24 is designed to give a very strong concentra- 
tion at 0°. Thus both the angle at which the light is con- 
centrated and the degree of concentration would cause the 
reflector of Fig. 24 to show the greater degree of light con- 
trol after both reflectors have been satin-finished. This is 
strikingly the case. Fig. 24 shows that media obeying the 
Law of Spread Reflection belong to an essentially different 
and distinct class from media’ obeying the Law of Diffuse 
Reflection, even though the operation of the two laws, may, 
winder certain conditions, produce practically identical results. 
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No opal reflector ever has been or ever can be designed 
which will give anywhere near the degree of light control 
exhibited by the satin-finished prismatic reflector of Fig. 24. 

The facts detailed above could also be established by 
curves from aluminumized metal reflectors. The aluminu- 
mized metal reflector of Fig. 25 shows an appreciably but yet 
not strikingly greater degree of light control than that given 
by the porcelain enameled reflector of similar shape (Fig. 
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21). But aluminumized metal reflectors can be and in prac- 
tice again and again have been designed to produce types 
of light distribution far beyond the reach of porcelain en- 
ameled reflectors. 

Fig. 26 presents results of special interest to those 
approaching the subject of reflecting media from a scientific 
point of view. The figure shows the light distribution when 
a clear, smooth crystal form, identical in shape with that of 
the preceding reflectors, is employed. The curve of reflected 
light, the inside, dotted-line curve, is strikingly similar to 
that of the clear mirrored reflector (Fig. 15.) The shape of 
this curve of reflected light establishes the fact that the clear 
crystal form obeys the Law of Specular Reflection for such 
small amount of light as is reflected. The curve also shows 
how small in amount this reflected light is, and gives added 
proof that light specularly reflected from the glaze is never 
of sufficient magnitude to materially modify the light distri- 
bution of a diffusely operating reflector. 

Fig. 27 shows the results given by the depolished crystal 
form, depolished, as in previous cases, on the inside only. 
This figure gives added proof that a depolished specular 
medium obeys the Law of Spread Reflection, not the Law 
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of Diffuse Reflection. A comparison of Figs. 14 and 27 em. 
phasizes, in addition, the generally appreciated fact that 
etched crystal glass, generally known to the trade as C, R. 
I. shades, do not materially modify the distribution given 
by the bare lamp. 

Table 1 presents an efficiency study of the results already 
shown by Figs. 15 to 27. This table will repay careful study 
It will here be sufficient to discuss only a few of the more 
important facts brought out by it. 

The first feature that strikes the attention is the remark- 
able efficiency shown by the mirrored reflector, both in res: 
pect to the per cent reflected light and in respect to the per 
cent of light in the 0°-50° zone. These efficiency figures 
while correct for the test reflector, are unduly favorable to 
the mirrored type and especially to the mirrored reflectot 
of commerce. The efficiency of a mirrored, reflector largely 
depends upon the perfect smoothness of the outside glass 
surface on which the silver is deposited. A practical mir. 
rored reflector must have a corrugated or waved reflecting 
surface, in order to break up the highly objectionable images 
of the light source which would otherwise be produced. 
Such a corrugated reflector can only be made in a metal mold. 
The test reflector, however, was blown in a paste mold. 
Such a blown reflector really never touches the mold, being 
cushioned from the paste surface by a thin layer of steam. 
Hence such a paste mold reflector has much smoother out- 
side surface than could ever be obtained in a metal mold 
reflector. This smoother outside surface, coupled with the 
absence of corrugations, gives about 10% added reflector effi- 
ciency. Yet even the mirrored reflector of commerce leads 
in efficiency all other types of reflector by a handsome mar- 
gin. 

It must not be forgotten, however, that the illumination 
given by the mirrored reflector, when such reflector is used 
as a direct lighting unit, is characterized by extreme lack of 
diffusion. This condition tends to produce reflected glare 
from the work, with resultant eye-inefficiency and eye-strain, 
and unfits the mirrored type for any service where long- 
continued, close visual work is done. Because of its limita- 
tions, the satisfactory application of the mirrored reflector is 
restricted to indirect lighting service and to highly specialized 
types of direct lighting service such as certain conditions of 
window lighting. 

Another striking feature of Table 1 is the high efficiency 
shown by the special White Iris type of heavy density opal 
reflector, as compared with the prismatic reflector. The 
data here shown is apt to lead to very erroneous conclusions, 
and needs to be supplemented with other data. 
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COMPARATIVE CURVES AND EFFICIENCIES OF 
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flector efficiency, so far as any differences in efficiency are 
possible. On the other hand, by employing a different pris- 
matic reflector shape, the same type of curve as given by 
the special white Iris opal could be obtained at an illumin— 
ating efficiency increase of from 12% to 15% over that 
shown for the prismatic reflector in Table 1. 


A partial demonstration of the fact above stated is afford— 


ed by a study of the changes in efficiency produced by 
changes in lamp position. Such a study for the reflector 
shape here employed is given in Table 2. In analyzing this 
table it should be remembered that, under average illumina- 
tion conditions, all the light emitted in the 0°-50° is useful 
for illumination; 13% of the 50°-100° light is useful; and 
35% of the 100°-180° light is useful. 


TABLE SHOWING 
EFFECT OF LAMP POSITION ON EFFICIENCY 
IN THE FOUR SIGNIFICANT ZONES. 
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OF BASE 
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TABLE 2: 


It has long been well-known by authorities in reflector 
design that the so-called Extensive type of light distribution, 
as exemplified by the curves of Fig. 8, cannot be produced 
at the same efficiency as can more concentrating types of dis- 
tribution. This comparative inefficiency arises from the fact 
that the Extensive distribution cannot be produced, since 
the light source is not a point source, without involving an 
undue amount of multiple internal reflections. On the other 
hand, the Extensive type of distribution is absolutely re- 
quired under certain quite general conditions of service, if 
entirely satisfactory illumination results are to be obtained. 

The particular type of reflector employed in these tests 
was chosen in order to establish the fact that a true Exten- 
sive type of light distribution can be obtained from pris- 
matic or mirrored reflecting media, but can not be ob- 
tained from opal or porcelain enameled media. The curves 
already presented have well established this fact. 

As has already been shown, changes in shape of reflector 
do not materially affect the character of light distribution 
nor the efficiency of any opal type. As for efficiency, the 
shape here employed is the one most favorable to opal re- 


Keeping these figures in mind and referring to Table 2, it 
will be noted that the illuminating efficiency of the special 
White Iris Reflector is affected to only a small degree by 
changes in lamp position. The medium density opal re- 
flector is affected practically not at all. The prismatic re- 
flector, however, shows large and well-balanced variations 
in illuminating efficiency as between the successive lamp 
positions. As the greater degree of concentration is 
reached, the prismatic reflector forges ahead of the special 
heavy density opal, in spite of the fact that the prismatic 
reflector shape is not such as to give best possible efficiency 
for this type of medium. 

Fig. 28 shows part of the same data in graphical form. It 
emphasizes the great change in both type of light distribution 
and efficiency which occurs in the prismatic reflector with 
change of lamp position. 

This phase of the subject may be summed up by stating 
that, in the present state of the art, no opal reflector can be 
designed to give within 10% as high illuminating efficiency 
as a prismatic reflector of similar type of light distribution? 
and such highest efficiency values on the part of the opal 
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reflector can only be obtained at a sacrifice of the diffuseness 
of illumination, as compared with the illumination given by 
the prismatic reflector. 

The great range in reflecting efficiency and in illuminat- 
ing efficiency which characterize the opal type of reflector is 
well shown by Table 1. When the walls and ceiling, or even 
only the ceiling, are very light in color, the lower absorp- 
tions of the lighter density opals in part compensate for 
their lower reflecting values, and the illuminating efficien- 
cies as between the various opal types, do not so widely dif- 
fer. Under normal installation conditions, the best medium 
density opal reflectors to-day on the market exhibit some- 
what higher illuminating efficiency than the average heavy 
density opal reflector and not very greatly less than the 
White Iris heavy density opal. But under average installa- 
tion conditions, and still more when the ceiling is darker 
colored than the average, the light density opal reflector 
shows up very unfavorably in illuminating efficiency. 

Table 1, presenting as it does the important differences 
which exist between the different types of opal reflectors, 
strongly emphasizes the need of a broader technical knowl- 
edge than is at present being generally brought to°bear on 
the subject of opal reflector design and in the choice of opal 
reflectors for service. 

The fact that, in the deep bowl shape, porcelain enameled 
reflectors and aluminumized metal reflectors have almost 
identical efficiencies is brought out by Table 1. The porce- 
lain surface has, for a single reflection of the light, a con- 
siderably lower absorption than the aluminumized surface; 
but the excessive multiple internal reflections, unavoidable in 
a reflecting medium like porcelain which obeys the Law of 
Diffuse Reflection, bring the efficiencies of the two reflectorg 
to the same level. Comparisons made with a more shallow 
type of reflector would, of course, be more favorable to the 
porcelain. 


It will be noted from Table 1 that even such a poor type . 


_of reflector as the light density opal is still a great improve- 
ment over the bare lamp. 


Summary. 

The practical conclusions to be drawn from the above 
technical presentation of the laws governing reflection and 
reflecting media may be summarized as follows:— 

1. The various types of reflecting media extensively em- 
ployed in service should be grouped as follows: 
Reflecting Media following the Law of Specular Reflection. 
Clear Prismatic Reflectors, Mirrored Reflectors, Polished 
Meta! Reflectors. 
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Diffuse Reflection. 


Opal or White Glass Reflector, all types, Porcelain En- 
ameled Reflectors. 


Spread Reflection, 

Satin-finish Prismatic 
Reflectors. 

2. Wherever distribution requirements call for Extensive, 
Focusing or Concentrating types of light distribution, as 
in many cases of office lighting, all cases of window lighting, 
etc., etc., reflectors of specular or at least of spread media 
should be employed. 

3. In the many cases where distribution requirements call 
for the Intensive type of light distribution, properly designed 
opal reflectors can satisfactorily be used, the illuminating 
efficiency being from 10% to 30% lower than that of the 
proper type of clear prismatic reflector. 


4. Light density opal reflectors should not be used where 
efficiency is of importance or where long-continued, close 
visual work is to be performed. 


5. Bare lamps should never be used. There are practically 
no conditions of service where the savings in current con- 
sumption made possible by the use of a reflector will not 
pay for the cost of the reflector. 


6. In the bowl shape of reflector, which good practice will 
usually require in average conditions of service, the alumin- 
umized metal reflector has equal illuminating efficiency with 
the porcelain enameled. This, added to other considerations 
not here presented, makes the aluminumized metal the de- 
cidedly preferable type of reflector. 

In conclusion, the author begs leave to call attention to 
the great practical need for a more general understanding 
of the considerations and laws which form the subject mat- 
ter of this paper. The subject is necessarily somewhat tech- 
nical, and this may serve to discourage the interest of prac- 
tical men,—the men who are directly responsible for a large 
proportion of our lighting installations; but until the facts 
here presented are more generally applied to practice, society 
will continue to sustain a considerable economic loss, and 
an unnecessarily large number of cases of impaired vision. 

The author desires to express his indebtedness to the En- 
gineering Department of the Holophane Works of the Gen- 
eral Electric Company for the considerable amount of test 
work required in preparing this paper, and to the National 
X-Ray Company for generously furnishing the mirrored re- 
flectors. 


Reflectors, Aluminumized Metal 


Aas 


Z 


Ummm mm 


Motor Talk No. 4 
COMPOUND WOUND MOTORS. 


Compound-wound motors form the third general class 
of d. c. motors and display many of the characteristics 
of both series and shunt-wound machines. Compound- 
wound motors take their name from the fact that there 
are two sets of coils in the field-windings, one set con- 
nected in series with the armature and the other directly 
across the line. 

The action or effect of these two sets of windings is 
just as has been explained when describing the shunt 
and series motors in the preceding articles. The shunt 
coil is across a line of constant potential, or voltage, so 
the field strength will be constant and the speed constant 
unless deliberately varied. But, the series coils are 
connected so that their strength is varied by the amount 
of current passing through the armature, and this natur- 
ally causes the speed of the motor to vary some. 

So, it is customary to so design compound wound 
motors that the proper relative strength is produced by 
each set of coils. The speed of compound wound motors 
varies more with the load than it does in the case of 
plain shunt wound motors, unless the motor is especially 
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Cutout 
Connections for Bi-Polar Compound Motor. 
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designed to compensate by increasing the number of 
turns in the series coils in such a way that the speed 
tends to rise with the load. This is called “over-com- 
pounding,” and can be done so that the speed is constant 
at all loads and still give the advantage of strong torque 
at starting as with plain series motors. 
The speed or compound wound motors can be either 
increased above normal or reduced below normal by 
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Counter Clockwise 
Connections for Four Pole Variable Speed Compound Motor. 


Fig. 17. 


means of resistances in series with the windings. To 
increase the speed above normal you must weaken the 
field strength by placing resistance in series with the 
shunt field winding, thus allowing the reaction of the 
armature on the field to increase. Very little energy is 
iost by this method because the current flowing through 
the shunt field coils is so small, and the energy loss in 
watts is equal to the square of the current multiplied 
by the resistance. 
Starting Fheostat 


AandD are Armature Terminals 
B and C are Series Field Terminals 
; band care Shunt Field Terminals 
Motor Connected for Counter Clockwise Rotation 
For Clockwise Rotation interchange external connections to A and 
D at the Terminal Block 


Fig. 18. Four-Pole Compound Motor with Connection Board. 


To reduce the speed it is necessary to insert resistance 
in series with the armature (and series field) in order 
to reduce the amount of current flowing by cutting down 
the voltage. In this case the loss of energy is consider- 
able because the armature current is comparatively large. 
But where wide variations of speed are required the 
efficiency is generally of less importance than results. 
With either field or armature control alone the range or 
variation is limited to about four to one, but with a 
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combination of the two you can get variations of seven 
or eight to one with properly designed motors. In fact, 
some manufacturers make motors giving a variation of 
30 to one. ; 
Another form of compound motor has been made for 
six or eight ‘years which has extra pole-pieces between 
the main poles. These “inter-pole” motors have shunt 
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connected windings on the main poles and series con- 
nected windings on the inter-poles. The object of this 
is to reduce sparking at the commutator, and it is done 
by producing a magnetic field independent of the main 
field of the motor, suitable in strength and location for 
proper commutation under all conditions of load and 
speed. 

The action of these extra, or “commutating poles,” is 
very simple. They generate an e. m. f. in the short- 
circuited coils of the armature of the proper value to 
arrest the current and reverse it in the coil while the 
terminals of the coil are passing under a brush. In oth- 
er words, this voltage must just balance the reactive 
voltage of the armature coil. This gives a machine 
which can be operated as either a motor or a generator, 
for either direction of rotation, without shifting the 
brushes or changing the connections, other than revers- 
ing the armature connections to reverse the direction of 
rotation. That is why motors of this type are so super- 
ior to any other kind for driving machine tools, and 
generators of this type will run at anything between 
quarter load and twenty-five per cent over-load with- 
out sparking, and require no shifting of the brushes. 
There are one or two other forms of compound ma- 
chines made, but they are so seldom seen that they are 
worth no description here. 


The Question Box. 
Dec. 19, 19123 
The Question Bex, 
Editor Shop Motor Section, 
Dear Sir: 


In the December number of your paper you show on 
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page 220 a set of curves for a 45 h. p. motor. 
please explain what these curves mean? 

In different books I have been reading and in the 

_ magazines, I have seen a good many curves but have 
_ mever seen any explanation as to how to read them. It 
might be a good idea to answer this in the next issue 
of your paper. Hear. 
_ Answer—Curves are very easy to read when you once 
understand how and can be made to show a great many 
_ things much better than tables or other lists of figures. 
_ They also show the relation between different things a 
_ great deal better than tables. Perhaps the best way to 
_ get a clear understanding of how. to read curves would 
_ be to take something familiar and show in the form of 
a table and also as a set of curves. 

Herewith we show an ordinary multiplication table 
with which you are, no doubt, already familiar. - This 
table shows a complete set of tables, from 1 to 12, in 
the form of a single chart and you can easily understand 


Will you 


Fig. 20. 


Multiplication Table as Numbers. 


that. If you want to multiple 6 by 8, you simply find 6 
at the left and read right across to the column which 
has 8 at the top and you find the answer (48); or if you 
want 11 multiplied 12 you can find 11 at one side and 
the answer (132) in the column with 12 at the top, etc. 

This same table is shown as a set of curves herewith 
and it is handled in very much the same way. For in- 
stance, in order to find out 6 x 8 you start at 6 at the 
bottom of the curve sheet, run your finger up to the 
curve or diagonal line for the table of 8’s, and then run 
your finger over to the right where you find the answer 
(48); or if you want to multiply 11 by 12, find one of 
the numbers at the bottom and then run up to the curve 
of the other number and you will find the answer at the 
tight. The same applies, of course, to any combination 
of figures. 

Referring to the curves for the 45 h.'p. motor, which 
is reproduced herewith, you will note that this shows a 
good many different things, but it is just as easy to read. 
First, of course, you should understand that in deter- 
mining the efficiency or capacity or other characteristics 
of electrical machinery the matter is always considered 
from the standpoint of power required. Since practically 
all electrical distribution systems operate on constant 
voltage it is customary to determine the power consumed 
in terms of amperes. Therefore, ctirves are usually made 
up with amperes as the common factor and these are 
usually, but not always, indicated at the bottom of the 
chart, as in this case. 


In order that any set of curves can be made to indicate 
anything there must be at least 2 factors so that it will 
read in 2 directions, to and from the curves, the same 
as the multiplication table. Take, for example, the 
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curve of efficiency. This is usually stated as a percent- 
age of perfection, which would be 100%. If you will 
start at 40 amperes at the bottom and run up to the 
efficiency curve you will find the efficiency to be 90%, 
as indicated at the left. Or take the line indicating full 
load, which in this case is 68 amperes, and run up that 
line until you strike the efficiency curve, where you find 
that it is also90%. This curve indicates that the efficiency 
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Fig. 21. Multiplication Table Plotted as Curves. 


of the motor is practically constant from about 4 load 
up to full load, and a little beyond, beause the efficiency 
curve is alomst flat within those limits. On the other 
hand if you will take it at 10 amperes the efficiency 
shows to be only 70% 
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Characteristic Curves for a 45 h. p. 750 r. p. m. Series 
Railway Type Motor, 


Fig. 22. 


Now take the curve marked horsepower and you will 
find that the h. p. output, as indicated at the right, is 
45 h. p. where the h. p. curve crosses the full load line. 
Take the current at 60 amperes and run up to the h. p. 
curve and then over to the right and you will find that 
the output is 40h. p. It is sometimes important to know 
what the h. p. output would be in order to use the 
motor operating at different speeds. Taking the line 
indicating full load, which is 68 amperes, and running 
to the speed curve and then over to the right, to the 
column indicating speed as revolutions per minute, shows 
the full load speed to be about 750 r. p. m. 

If you want to find the speed with 40 amperes flow- 
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ing you start at the 40 ampere mark, run up the speed 
curve and cross to the right and find the speed to be 900 
r. p. m. By taking the 40 ampere mark and running 
up the h. p. curve you will find that the h. p. at 40 am- 
peres and 800 r. p. m. is about 2614, because that is the 
value given at the right of where the h. p. curve crosses 
the 40 ampere line. 

Sometimes it is desirable to know the internal losses 
of the motor. In that case you can determine the losses 
at any current you desire by starting at the bottom and 
running up to the curve labelled “C?R Losses” and then 
over to the left, reading the number in the column la- 
belled “Kilowatt Losses.” For instance, suppose you 
want to know the watts lost when running on 40 am- 
peres. Begin at 40 below, running up to the loss curve 
over to the left, and you find that itis 1k. w. If you 
* will continue on the 40 ampere line to the speed curve 
you will find the speed at this loss. Again, if you want 
to know the loss at full load, strat at 68 amperes and 
then run up to the loss curve and over to the left, and 
you will find it to be 234 k. w or 2,750 watts. 

Having curves of this kind you can easily compare 
the actions of two motors, by simply taking the two sets 
of curves applying to those motors and reading as 
above indicated. You can also determine various other 
relations which you will easily see by the chart. Curves 
are very valuable and are one of the most useful in- 
ventions the electrical man has to deal with, and it is 
worth any man’s time to sit down and learn how to read 
curves as they are being used more and more all the 
time as a means of expressing facts, which used to be 
shown by columns of figures only, and which were not 
nearly so easy to understand. Go Waee 


COMMUNICATION ON HEADLIGHT TESTS. 
To the Editor :— 

I am in receipt of your publication for November ,and 
am very much interested in the tests made by the Rail- 
road Commission of Wisconsin, and the meeting held in 
Chicago on October 15th, before the Western Railway 
Club. 

It seems strange, indeed, that if it is facts they wish 
in these cases, that they do not try to secure some practi- 
cal and competent men to assist in these tests. How do 
they know that some of the men selected to make these 
were not spasmodically color blind. It would seem that 
way, by some of the results obtained. 

I have been riding behind Engines, equipped with Elec- 
tric Headlights, for the past 17 years, also, have gone 
into this matter very thoroughly, as we intend to present 
a bill, to the next general assembly of the State, asking 
for a better headlight. I have used these lights on both 
single and double track roads, and have never heard of 
any engineer mistaking a signal, nor do I know of any 
engineer, who ever run an engine with an electric head- 
light, who would wish to go back to the oil lamp; but, 
on the contrary, I have a desk full of testimonials from 
our engineers, who ask for them, and say they do not 
change the colors of signals, if properly focused. I know 
as well, and all should know, that the oil lights are no 
earthly use to Engineers, so far as seeing things are con- 
cerned, but I do know, and have the proofs of it, that 
the Electric Headlight has saved some very bad acci- 
dents, which would, no doubt, have resulted in great loss 
of life. One of these, on a system that has spent $100,- 
(000 perhaps, for electric headlights, saved this sum, in 
one case alone, when eight cars were blown out of a sid- 
ing and went down into a sag, and their East bound Li- 
mited, loaded with passengers, running at a speed of at 
least sixty (60) miles an hour, would have crashed into 
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these cars but for the electric headlight. Fortunately, 
the engineer was able to see these cars, by the aid of the 
powerful light, in time to stop before hitting them thereby 
saving what would have been a very serious wreck, no 
doubt, and certainly, very poor advertising for that rail- 
road. 

If Railway Commission want facts, why do they not 
select men who are competent to make these tests; men, 
whose eyes are trained for this work. How many of 
them could get down and put in a fire, then get up and 
see a signal light, let alone the color of it? still our fire- 
men do this night after night. 

If Uncle Sam built a dreadnaught, would. he be show- 
ing good judgment, to man this ship with college profes- 
sors and students and send them to do battle with the 
enemy? You could expect but one result. You would 
not like to ride across this country, and depend upon 
some professional man to run the engine, no matter what 
book learning he had, when you were going sixty or sey- 
enty miles an hour. No, you would rather trust yourself 
to the eye that is trained to the work would you not? If 
your watch needed repairing would you call in a black- 
smith? If your teeth required filling would you call a 
plumber? You might just as well as to call on a college 
professor, with his untrained eyes, to come out and make 
a series of tests, and tell you what is best for the locomo- 
tive engineer. 

Do they know there are electric headlights made right 
here, in Chicago, that do not blind the Engineer? Do 
they know that we do not get good. results by having a _ 
light that shows us the ears on the corn in the field? We 
wish the light to show us the conditions on the track, 

They speak of the Banjo signal, well, that is obsolete — 
and as much out of date, as a pump on a modern engine ; 
no earthly good in a snowstorm, and very poor, at their. 
best, for high speed trains. Look over the accidents to 
the eighteen hour trains since they were put on; do you 
doubt, in the least, that some of these could have been 
prevented, if the engineer could have seen the conditions 
ahead of him? Do you know you can stop a train going 
sixty (60) miles an hour in eleven hundred (1100) feet 
with the new high speed brake? 

Some of our railroad officials have fought every im- 
provement ever devised for the safety of their trains, but, 
after they were compelled to equip them with these ap- 
pliances they should not be compelled to part with them. 

Tf the Railway Commission of Wisconsin or any other 
State wishes to get at the facts of this case let them come 
up, and go over my files with me, and I believe, I can 
convince any unbiassed mind that the professors of the 
Universities are in the wrong, and that the electric head- 
light is a life and property saver, and absolutely next to 
the airbrake, the best invention ever placed on a train. 
As to its changing the color of signals, that is all “Bosh.” 

Your truly, 
J. AL CU 
Chairman State Legislative Board Brotherhood of Lo- 
comotive Engineers. 


INDUSTRIAL ILLUMINATION. 


At the December meeting of the Chicago Section of 
the Iluminating Engineering Society, Mr. Ward Har- 
rison of the National Electric Lamp Association, Cleve- 
land, Ohio, presented a paper on “Industrial Lighting.” 

In opening the paper he outlined in a general way the 
progress of industrial plant illlmination and said that in 
this class of illumination, the engineer knew at least 
exactly what results were desired. He said that the spac- 
ing distance of any type of light with practically any of 
the commercial reflectors should not be more than twice 
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the height above the illumination plain. He said that a 
spacing of 1.6 times the height provides uniform illum- 
ination, but where the spacing is greater than twice the 
height the nonuniformity becomes objectionable. He said 
that % ft. candle can be taken as a minimum value of 
illumination in any part of the plant. Below this value 
the inability of the eye to see clearly is liable to cause 
accidents. As a maximum value of illumination, this 
should never be more than 40 to 50 ft. candles; and such 
instances are usually found on sewing machines, in 
watch-making, etc., where a spotlight illumination is em- 
ployed. Probably over 95 per cent. of the installations 
vary between 1 and 6 ft. candle intensity. 


On the subject of glare, he said that placing a diffus- 
ing globe around a lamp does not reduce the glare in so 
far as ability to see is concerned. It does, however, 
materially reduce the ocular discomfort caused by look- 
ing at a light of high intrinsic brilliancy. He said that 
no light source should be in the field of vision; that the 
illumination should be nearly uniform so that there may 
be no strong contrast, etc., and that the lamps should 
be so placed as to avoid eS, reflection of stationary 
objects. 

It usually pays to light a room well. This gives a 
wide awake appearance to a shop or factory under which 
the employees can work almost the same as under day- 
light conditions. If a man can save 30 seconds an hour 
he will more than save the entire cost of lighting. 


As to operating costs, however, he said that the use 
of an illuminometer in determining the relative merits 
of lighting systems, by which they were figured as so 
many lumens per dollar, has undoubtedly been greatly 
overdrawn. Other considerations enter into the problem 
which are fully as important as the amount of light or 
cost of production. The chief of these is the effect of 
the illumination upon the human eye; or, in other words, 
eye efficiency must be given due consideration. 


In regard to flickering of tungsten lamps on a. c. cir- 
cuits, he said that with 25 cycles, a 60 watt lamp is the 
smallest size that can be used without any appreciable 
flicker. The use of smaller size lamps on 25 cycles 
should be avoided. 


On the subject of ventilated reflectors or blackening 
of lamps in reflectors that are not ventilated, Mr. Har- 
rison stated that inasmuch as the temperature of the 
tungsten is between 2000 and 3000 degrees C., while 
the temperature of the reflector is between 30 and 40 
degrees C., and might even under worst conditions rise 
to as high as 50 or 60 degrees, this slight increase in 
temperature, possibly due to the heating of the reflector, 
would not influence the temperature of the filament to 
the slightest degree. Numerous tests on this point 
proved the correctness of this assertiébn. He said that 
series burning of lamps in a cluster should be discour- 

aged, the lamps cost more and there is no advantage 
gained thereby. 


The author then showed some interesting diagrams 
on the depreciation of the various types of reflectors in 
service: the porcelain enamel, prismatic clear and opal 
glass. All reflectors depreciated rapidly during the first 
week, but after that the decrease in efficiency was more 
gradual. At the end of 40 weeks the enameled reflector 
had dropped to an efficiency of 80 per cent. of its orig- 
inal value, the prismatic clear to 68 per cent., and the 
opal to 63 per cent. He said that with both opal and 
prismatic about one-half of the lost efficiency seemed to 
come from the collection of dust on the outside of the 
lamp and the inside of the reflector, and the other half 
of the loss from the dust collected on the outside of the 
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reflector. He said that aluminized reflectors collect dirt 
more rapidly than enameled steel. 

He also called attention to the fact that mirrored glass 
reflectors seem to have a wide application in industrial 
work, for they retain their high efficiency very much as 
the enameled steel reflector does, since the collection of 
dust on the outside of the reflector has no influence in 
reducing its efficiency. 

In certain cases where fumes or corrosive gases are 
objectionable, such as in eC he stiggested that 
an asbestos ring soaked in water glass be placed over the 
lamp before it is screwed into the reflector. This will 
then make an air tight joint between bulb and reflector, 
covering the brass work in the socket and in the base of 
the lamp. 

There is a slight variation in the color of porcelain 
enameled reflectors and inasmuch as the light from an 
incandescent lamp is stronger in red and yellow rays 
than it is in blue rays of the spectrum, a reflector which 
has a slightly yellowish cast will give an efficiency of 10 
Ota per cent. higher than one which has a blueish cast. 
This is obvious, for a yellow reflecting surface will re- 
flect yellow rays and absorb the blue, w hile the blue sur- 
face will reflect the blue rays and absorb the yellow, and 
where yellow rays predominate in the source of light 
the efficiency will be higher when the reflector has a 
yellow cast. 

When the reflector is of a slightly grayish cast it may 
easily reduce the efficiency 10 or 15 per cent. inasmuch 
as the black particles of the enamel are of very low re- 
flecting value. 

The author showed lantern slides of an installation 
with layout of units, curves of test, etc., and gave data 
on one particular installation where there were 100 men 
employed . The lighting cost 15c. per hour, while wages 
paid men were $25.00 per hour. In other words, if the 
men could save but 30 seconds per hour through having 
good light to work by, that saving would pay for the 
entire cost of lighting. 

He then showed the detail of an installation of angle 
type reflectors in open hearth steel mills. Although 
these units only deliver about 70 per cent. as muchi use- 
ful light as the standard bowl type, they have been 
adopted as a standard unit for this service. 

In discussing this paper, Mr. H. G. Wheeler referred 
to the use of mirrored reflectors in industrial lighting 
and showed a few slides of some effective installations 
of this type. 


ADDITIONS TO VICTOR-BALATA PLANT. 

It is the exception rather than the rule that manu- 
facturers are compelled to increase their production fa- 
cilities during the year of a Presidential election. Here- 
tofore the general rule has been to curtail expenses and 
await the immediate developments following a change 
of administration and consequently a change of policy. 

While business in general during the past six to eight 
months has been hardly more than normal, it is a mat- 
ter of considerable gratification to the Victor-Balata & 
Textile Belting Co., of New York City and Chicago, 
with factories in Easton, Pa., to be compelled to build 
additions with added machinery to its already large tex- 
tile factories where Victor-Balata belting is ‘made. 

It is generally well known that increased facilities, 
more machinery, etc., have been forced by the rapidly 
increasing demand for Victor-Balata belting since it has 
been made in America, and the many friends of the 
company will be pleased to learn of the much-neede:l 
factory increase, now in the course of construction, in 
the canvas-stitching belting department to accommodate 
the expanding trade in this particular line. 
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LESS ONAN OMe: 


B. & O. Head End System. 


In our November and December lessons we have 
taken up the C., M. & St. P. Ry. system and the Har- 
riman line system for head-end trains. You will recall 
that in the first of these the battery was charged by 
opening the rear loop and feeding the lamps from the 
forward end of the train through a resistance. This 
makes it possible then to raise the generator voltage to 
any desired value in charging the battery, while the 
lamp voltage can be maintained constant by the rheostat. 

The second system of the Harriman lines, the gene- 
rator voltage is maintained constant at all times and in 
charging the battery is cut in two and the two half bat- 
teries (each of but half normal voltage) are then 
charged through a resistance. 

We review these two other systems briefly so that you 
will appreciate the difference between them and the B. 
& O. System we take up in this lesson. With this sys- 
tem a lamp regulator is placed on every car in the train 
and this regulator maintains constant voltage on the 
lamp circuit even though the voltage on the train line be 
raised 15 or 20 volts above normal in charging the bat- 
tery. 

The wiring diagram for train line and:car circuits is 
shown herewith, and it will be noticed that some of the 
cars carry batteries while others do not. As a matter 
of fact, it is the usual practice to have five cars equipped 
with storage battery of 300 ampere hour capacity on a 
train of seven cars. These batteries are connected be- 
tween the two outside wires of the train line just as the 
lamps are, so the rear battery receives practically the 
same charging voltage as the first battery. 
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come directly on the lamps for the lamp voltage in each 
car is controlled by its own lamp regulator. 

It has been found that there are so many unforseen 
ten to be met, such as broken steam connectors 
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Wiring Diagram of Switchboard. 


or steam failure from other causes resulting in prevent- 
ing the operation of the turbine for a considerable part 
of the run, that it is necessary to keep the batteries in as 
nearly a fully charged condition as possible. Asa matter 
of fact, even under normal conditions 15 to 20 per cent. 
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Fig. 55. 


The B. & O. head-end system operates at 63 volts, 
although generator voltage may vary anywhere from 70 
to 90 volts, depending upon the battery charging voltage 
required. This variation in voltage, however, ccs not 


Wiring Diagram of Apparatus in Various Cars. 


of the lighting hours it is necessary to depend on the 
battery. On several occasions the turbine car has been 
cut out of the train in the early part of its run, and the 
lighting for the balance of the trip carried by the bat- 
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‘teries without failure. Frequently battery cars are trans- 
ferred to some other division or road for a considerable 
length of time, resulting in complete discharge of the 
battery and, in many instances, severe cases of sulpha- 
tion. Instructions are issued to charge these batteries 
independently of the rest of the batteries in the train until 


Fig. 56, 


View of Turbine and Switchboard. 


they are sufficiently charged, when they can then be con- 
nected on charge with the other batteries. 

These and other conditions make it difficult to lay 
down any hard, fast rule pertaining to charging batteries, 
and it will be well for the head-end electrician taking 

this course to study over pretty carefully the lessons in 
_ April, May, June and July on storage batteries. 

It is always better for a man to use his good judg- 
ment intelligently, provided he understands the charac- 
teristics of a storage battery, than it is to follow any 
definite rule. 

The log of a trip given in Fig. 57 shows some of the 
conditions and how the batteries were kept in a charged 
condition. 

This, by the way, is a sample of the record kept of 
each trip by one of the B. & O. electricians for his per- 
sonal use. He carries a small pocket note book which is 
ruled off as shown and the entire record of each round 
trip is given on the front side of one sheet with remarks 
of trouble, ampere hour meter readir¥s, etc., given on 
the back. This makes a personal record covering sev- 
eral months which can be referred to at any time de- 
sired. There is another advantage in keeping such a 
record as this, in that a man will know more definitely 
what amount of charge he is giving storage batteries on 
his train. 

The voltage of the storage batteries is taken both be- 
fore and after each charge, and these readings are taken 
with the storage batteries carrying the lamp ‘load. Never 
take a voltage reading on open circuit (no discharge), 
for even a low battery may give a fairly high voltage if 
there is no discharge current flowing. Always let. the 
battery discharge on full load for two or three minutes 
before taking the voltage reading. 

If the voltage is below 64 volts, (2 volts per cell with 
32 cells per battery) it would indicate that battery is 
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somewhat low and needs a charge. If it is daylight and 
no lights are on, the generator voltage should be raised 
until the charging current amounts to about 30 amperes 

er battery. This with 5 batteries per train would 
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Fig. 57. Sample of a Record Kept by One of the Electricians, 


amount to 150 amperes. If the generator voltage is kept 
constant at this value it will be found that the battery 
current will fall off as the batteries take their charge. 

Undoubtedly the constant current principle of charg- 
ing is more accurate from a battery point of view, but 
because of the fact that much of the charging is. 
done at night when part of the generator current goes 
to the lamps and part to the battery, and it is then diffi- 
cult to tell how; much current the batteries are getting, 
a combination of the voltage and current methods of 
charging is best for this particular service. 

Where any battery is very low it is charged by itself 
(if car is received at night put up 2-wire connector at 
front end and short circuiting plug at the rear end) and 
the charging current kept constant at 30 amperes until 
the voltage rises to about 80 volts at the generator. 
When all batteries are in fairly good condition the gen- 
erator voltage is then raised to 85 volts in day-time, or 
90 volts with full lamp load on, and kept at that voltage, 
allowing the charging current to taper off as the batteries. 
become fully charged. 

Specific gravity readings are taken of all batteries at 
the end of each run so any instances of undercharging 
are discovered. 

In order to keep a check on the charging of storage 
batteries in this service the management have periodi- 
cally placed ampere hour meters in each battery circuit 
of the train which record the total ampere hour charge 
and the total ampere hour discharge. A record of one 
battery covering 39 days shows an average discharge of 
84 ampere hours per day and an average charge of 113 
ampere hours per day. This represents a 19 per cent 
overcharge, which is about as near the correct value as 
can be given. Another record of a battery covering 3S 
ye shows a discharge of 46 ampere hours per day “and 

a charge of 87.6 ampere hours per day, representing an 
E ertenee of 90 per cent. This is a rather excessive 
percentage, but when it is considered that the over- 
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charge is but 41 ampere hours per day, about % of the 
battery capacity, it might not be considered excessive. 
Still another record covering 50 days shows a discharge 
of 73 ampere hours and a charge of 70 ampere hours 
per day which indicates a slight undercharging which 
might eventually make trouble in causing the plates to 
sulphate. While these records do not indicate any 
serious trouble, it is very important to keep a close tab 
on battery current and voltage during charge so that 
you may know when a charge, somewhere near the pro- 
per amount, has been given the battery. 


The Lamp Regulator. 

For the benefit of some of the headend electricians 
who have not studied the lessons on axle systems very 
carefully we will give a brief description of the funda- 
mental principles of the lamp regulator. 
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Fig. 58. Lamp Regulator with Case Removed. 


When you place any resistance in series with a lamp 
circuit it will reduce the voltage across the lamps by a 
‘certain amount, depending upon the amount of resist- 
ance inserted. In these lamp regulators the resistance, 
which consists of a pile of carbon blocks, placed in the 
lamp circuit, is automatically adjusted to such a value 
as will reduce the line voltage, which may be anything 
from 64 to 78 volts, down to the normal voltage of the 
lamps (63 volts). 

Everything that conducts electricity whether it be cop- 
‘per wire, iron wire, water, acid in batteries, lead or iron 
plates, or pieces of carbon, offers a certain amount of 
resistance to the flow of the electric current through it. 
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With some things this resistance is much higher than 


with others. A piece of iron wire or a block of carbon 
offers a very high resistance to the flow of current, 
while with copper wire the resistance is very low, but 
even with a heavy copper train line, the resistance js 


| 


enough to cause a drop of 4 or 5 volts over the total train | 


line with full load current flowing. 

But to get back to our lamp regulator: if a pile of 20 
or 30 carbon discs is connected into a lamp circuit and 
arranged so that the pressure on the discs can be varied, 
it will be found that the voltage drop due to the lamp 
current flowing through the pile of carbon discs will 
be considerably less when they are squeezed tightly to- 
gether than it is when the pressure is reduced. The 
greater the pressure, the less the resistance, and with 
less pressure the resistance of the pile increases. 


Now the lamp regulator is simply an automatic device 
which varies the pressure on such a pile of carbon blocks 
through which the lamp current flows. This pressure 
is caused by the magnetic pull of a solenoid on an iron 
plunger in the center of it acting through a system of 
levers, and the amount of the magnetic pull of the solen- 
oid depends upon the voltage across the lamps; the 
higher the lamp voltage the greater will be the current 
through the solenoid and the greater the pull; (See Les- 
son I, Feb. 1912). the less the lamp voltage the less will 
be the magnetic pull. 
pressure on the carbon blocks so as to make the volt- 
age drop of the lamp current flowing through it of 
such a value as will reduce the train line voltage down 
to 63 volts. which is normal lamp voltage. With.a train 


line voltage of 70 volts, there will be 7 volts drop 


through the carbon pile; if the train line voltage raises 
to 78 volts the regulator will automatically loosen the 
pressure on the carbon blocks until the voltage drop 
through it amounts to 15 volts and cuts the train line 
voltage of 78 volts down to 63 volts normal lamp volt- 
age,,etc 

Almost any of the various types of lamp regulators 
now employed in axle service can be used in maintain- 
ing constant lamp voltage in each car circuit. These 
are usually mounted under the car as shown in the ac- 
companying illustration, one regulator on each car in 
the train. Where there is a secondary relay or “multi- 
plier” used in connection with the lamp regulator, it is 
usually placed in the switch board locker inside the car. 

The generator voltage should not be run above 85 volts 
at night for it must be remembered that the difference 
between normal lamp voltage of 63 volts and train line 
voltage of 78 volts (85 volts at the generator less 7 
volts drop in train line) must be absorbed in the lamp 
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regulator. When all the lamps are turned on the heat- 
ing effect of this voltage drop of 15 volts through the 
regulator with a heavy current flowing may be very 
great, and if the generator voltage is allowed to run as 
high as 90 or 92 volts, this may bring the train line 
voltage up as high as 85 volts, which would require that 
22 volts be absorbed in the lamp regulator in order to 
bring the voltage down to 63 volts normal. Under these 
conditions, the generator at 92 volts would cause 50 per 
cent. more heat to be generated in the lamp regulator 
than with the generator voltage at 85 volts. This might 
easily overheat the lamp regulator and cause serious 
arcing and burning away of the carbons. 

A diner with a 30 volt axle system is often picked up 
on this run and occasionally the generator is in trouble, 
so it becomes necessary for the electrician to charge it 
from the turbine set in the dynamo car. Of course, in 
doing this the voltage of the generator must be lowered 
down to 40 or 50 volts. This is way down below the 
normal voltage of the head-end system, so the 50 volt 
circuits for lamps and batteries of the head-end system 
must be entirely separate from the 40 or 50 volt circuit 
of head-end generator and axle battery. 

Some of the 60 volt cars are equipped with battery 
and some are not, so the three wire connectors must be 
left up between all 60 volt cars. A two wire connector, 
however, is placed between the 30 volt diner and the car 
ahead, as shown in Fig. 59, and the connector at the 
rear of the diner is pulled and a short circuiting plug 


which connects the negative generator to negative bat- 


tery on the diner train line is inserted. 

This gives us then two entirely separate circuits on 
the three wire train line: one at about 63 volts and the 
other at 40 or 50 volts. They have one wire in com- 
mon, the generator and battery positive. The 60 volt 
battery ahead of the diner lights the 60 volt lamps both 
in its own car and the next car back which has no bat- 
tery. The 30 volt lamps and battery in the diner are 
taken care of by the head-end generator, and the lamps 
in all cars to the rear of the diner, whether that car has 
a battery on it or not, are lighted from the 60 volt train 
line which is supplied by the batteries on the other cars 
to the rear of the diner. 


PRACTICAL STUNTS. 


Send in your ideas, we pay for them. 
Flickering Lights. 

If the lights on a headend train begin to flutter and go 
up and down, you may be pretty sure it is because ou a 
loose train connector. This is dead easy to find, for if 
you throw in the loop switch in the dynamo car the flick- 
ering will immediately stop in all cars ahead of the loose 
connector, but the lights will continue to flicker in all 
cars to the rear. By walking back through the train the 
connector between the car with lights ©. K. and the car 
with flickering lights can be tightened, and this will in 
almost every case clear up the trouble-——R. Daniels. 


A Reversed Generator. 

It is a pretty important thing to have your voltage right 
on a headend set before closing the switch. While trains 
are lying in the Chicago Terminal, they are lighted from 
a 60 volt station line. Shortly before departing how- 
ever, the headend turbine set is cut in when the voltage 
of the turbine becomes equal to that of the station line. 

The other day one of our men in starting his turbine 
set threw in the main switch when the generator voltage 
had reached only about 30 volts. Of course, the 60 volt 
train line slammed a heavy current through the generator 
armature which was then only developing 30 volts. This 
motored the generator causing a very heavy reversed 
current to flow through the compound field winding. The 
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generator circuit breakers went out, which would indi- 
cate that this reversed current reached a value of 200 
amperes. 

The magnetism of this reversed current was so strong 
that it entirely reversed the fields of the generator, so. 
that after the breakers went out the generator was build- 
ing up in the wrong direction. This had me train elec- 
trician pretty badly mixed for a while until he connected 
his generator field across the battery and put current 
through it in the right direction. After this the genera- 


tor built up O. K.—J. A. A. 


Axle Lighting 
FROST EVERETT REGULATOR. 

The regulator taken up in this month’s lesson 
is that devised by Messrs. F. R. Frost, Elec. Engr., and 
S. W. Everett, Asst. Elec. Engr., of the Santa Fe. It 
is radically different from any of the other types of 
generator regulators now in use. Any of the various 
types of generator, regulator lamp and automatic switch 
can be employed, the machine regulator alone having 
distinctive features. 

A resistance of a value high enough to hold the gen- 
erator voltage down to normal value even at the highest 
speeds of 80 or 90 miles per hour, is placed permanently 
in series with the generator fields. This resistance is 
divided into two separate parts, one about one-third of 
the total and the other about two-thirds. A pair of 
carbons making contact with each other short circuits 
each part of the resistance, and when the dynamo is. 
building up the short circuiting carbons are held tightly 
together and allow full generator field current to flow 
uninterrupted. 

Referring to the diagram in Fig. 61, “A” is a shunt 
wound dynamo, “B .& C” are solenoids connected in 
series with the dynamo, battery and lamps. “D & E” 


Fig. 60. The Frost-Everett Regulator; U. S. Lt. & Htg. Co.’s 


Type F-7 Panel. 


are movable iron cores of the solenoids B. & C., and 
are held up by adjustable springs not shown. F. & 
G. are resistance units placed in series with the shunt 
field of the dynamo. H. & I. are pieces of carbon 
fastened to the movable cores D. & E. and connected 
by flexible leads to the lower end of resistance units 
F, & G.; they are normally pressed against the carbons 
J. & H. by the adjustable springs. J. & K. are pieces 
of carbon rigidly fastened to the panel board, connected 
together and also to the top of the resistance units 
FG 

When the generator first starts to build up, these 
carbon contacts are held tightly together by the upward 
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pull of the vertical springs on each side of the board as 
shown in Fig. 60. These springs are adjustable and 
one coil is set to operate at about 5 amperes higher than 
the other. That is, if the run is such that it requires 
about 28 amperes average setting of the machine, the 
right hand coil will be set at 30 amperes and the left 
hand coil at 25, making an average of about 28. 

Upon closing the automatic switch, and with a slight 
increase in train speed, the generator current will rise 
to 25 amperers, the setting of the left hand coil. The 
magnetic pull downward of the coil on the iron plunger 
will then be just sufficient to balance the upward pull 
of the spring, and an increase in current will pull the 
plunger down and cause it to vibrate slightly. One car- 
bon is mounted on top of the iron plunger as shown, 
and the other fastened permanently to the board, so 
pulling down the plunger opens the contact between the 
‘carbons. : 

When the dynamo goes above the predetermined cur- 
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Fig. 61. Wiring Diagram of the Frost-Everett Regulator. 


rent of say, 25 amperes, the solenoid “B” pulls down 
‘core “D” breaking the contact between carbons J. and H. 
putting resistance “F” in field circuit. This causes the 
output of generator to drop below 25 amperes and weak- 
ening the magnetic pull of solenois “B,” allows the car- 
bons J. and H. to come together. short circuiting the re- 
sistance F, and again boosting the field current. This 
cycle of operation is repeated very rapidly when regula- 
tion is necessary. 

When the contact between carbons J. and H. is momen- 
tarily broken the field current does not drop to the 
minimum yalue that would be caused by resistance F. 
alone, on account of the very short time that this re- 
sistance is in circuit, neither, on the other hand, will 
the field current. rise to the maximum value that it 
would with the resistance F permanently short circuited 
by the carbons. 

This is due to the magnetic inductance of the gen- 
erator field, which might be more properly called mag- 
netic “inertia,” for when the generator field circuit is 
first closed it takes some time to build up the current 
to full value, just as it takes some time for. a heavy 
weight, such as a train, to get up to full speed. In 
some generator fields this may take as long as a second 
or two. In a similar manner, after the field current is 
once well established, it is hard to stop it, just as it is 
hard to stop a heavy train going at high speed, so that 
even though the total resistance of the field circuit is 
caused to change very rapidly from low value to high 
value. the enertia effect of the generator fields, keeping 
the field current at an average value, and the vibration 
between the two short circuiting carbons is such that 
the generator field current will be maintained at the 
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correct value to keep the generator output at the setting 
of that coil. ; f ; 

This vibrating action will continue until the train 
speed rises to such a point that the total value of re- 
sistance I’, is required in the field circuit to keep the 
current at the predetermined amount. At this time the 
solenoid core “D” will cease vibrating and the carbons 
J. and H. remain permanently separated. As the train 
speed further increases, the current output of the gen- 
erator will rise to the setting of the right hand coil “C”, 
which is about 5 ampers above that of the first coil “B”. 
As the train speed further increases to about 25 miles 
per hour and the output tends to rise above this higher 
setting, however, the carbons K. and I. will begin to vi- 
brate, rapidly cutting the resistance G. in and out of 
the generator field circuit. This action is identical with 
that of the coil B. and the generator current will be 
maintained at the setting of the higher coil even though 
the train speed rises to a high value. . 

On decrease in speed below about 25 miles per hour, 
the carbons K. and I. will have ceased vibrating and per- 
manently short circuit the resistance G. With a further 
decrease in train speed the generator output will fall 
from say 30 amperes to 25 amperes, the setting of the 
left hand coil, and as the train speed further decreases 
and the generator current tends to fall below this value, 
the carbon H. will begin to vibrate rapidly, making con- 
tact with the upper carbon J., short circuiting the re- 
sistance F, for short periods of time. This causes an 
increase in the generator field current to such a value 
as will maintain the generator output at the setting of | 
this coil. 

This system of regulation is successfully used on 
over 400 cars on the Santa Fe and 100 cars on the 
Western Pacific, as well as a large number in South 
America. cane 

About the only maintenance required is to occasionally 
smooth up the ends of the carbons with a piece of 
emery cloth where they make contact with each other. 
This regulator is manufactured by the U. S..Lt, 62: Fiaam 
Co., and is known as their F.7 Panel. . 


Question Box 


Question.—Will you kindly tell me which of the fol- 
lowing quotations are correct. I read in a battery in- 
struction book (no temperature mentioned) : “Resistance 
of electrolyte is at a minimum at about 1.225 specific 
gravity, rising if the gravity be either increased or de- 
creased.” Then again I read in the book on Practical 
Lessons in Electricity, page 23, “The adyantage of a 
strong solution is its lower resistance: but it is likely to 
produce a very objectionable effect of ‘sulphation.’” TI 
presume by a “strong solution” they mean 1.260 or 
1.300.—Harvey Davies. 

Answer.—At a specific gravity of 1.225, the resistanee 
of sulphuric acid electrolyte is a minimum. If the grav- 
ity be either increased, by adding more acid or decreased 
by adding more water, it will cause a slight increase in 
the resistance of the electrolyte, Obviously, it is of ad- 
vantage to use an electrolyte of as low resistance as 
possible, and in car lighting work 1.225 or 1.230 is about 
standard for gravity with the battery fully charged. On — 
discharge, however, the gravity is going to fall off to 
1.170 and the resistance will accordingly increase. 

When considering only the resistance of electrolyte 
the proper gravity on full charge would be 1.250, and at 
discharge 1.200, giving an average of about 1.225. This 
would give a minimum average resistance of the electro- 
lyte. 


7 
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Strong acid of 1.250, however, causes “sulphation” a 


great deal more rapidly than normal acid of 1.225. So, 
although the 1.250 acid might give a little higher battery 
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efficiency, in that the internal resistance of the battery 
would be less, the plates would be very much more liable 
to sulphate and cause trouble. 


(Car Lighting Lesson to be continued next month. ) 


Personal 


E, M. CUTTING JOINS EDISON FORCES. 


Mr. E. M. Cutting, Engr. Tr. Ltg. Htg. & Vent. of 
the So. Pac. Co., has just accepted the appointment as 
representative of the Edison Storage Battery Company 


E. M. Cutting. 


on the Pacific Coast with headquarters at San Fran- 
cisco, No. 818 Mission street. 

Mr. Cutting entered into railroad work at the age of 
16, in 1888, and has been engaged in railway electrical 
work of one nature or another ever since. In 1898 he 
Was appointed supervisor of signals, succeeding Mr. 


‘Slater, who was promoted to Signal Engineer for the 


Southern Pacific Company. In 1902, in addition to his 
duties in the Signal Department, Mr. Cutting was given 


‘charge of all matters of electric train lighting, which 


department was at that time growing very rapidly. In 
1909 he was relieved of his duties in the signal depart- 


“ment and since that time has devoted his attention ex- 


clusively to train lighting, heating and ventilation. 

Mr. Cutting was elected President of the Association 
of Railway Electrical Engineers in 1909, and has always 
been a most enthusiastic worker, and has done much 
effective work even though handicaped by a great dis- 
tance from the majority of the men interested in this 
line. 

While supervisor of signals, Mr. Cutting inaugurated 
a signal instruction course among the signal men under 
his supervision which was very popular, and proved to 
be one of great economic value both to the road in im- 
proving the efficiency of the men and bettering their 
signal service, and to the men themselves, making it pos- 


sible for them to subsequently fill prominent positions 
in the signal departments of many of the Western roads. 

Mr. Cutting has always been an ardent believer in the 
education of the men under his supervision and has 
tried to give his men every opportunity possible to im- 
prove themselves. 

We believe that we voice the sentiment of all the 
A. R. E. E. men in the electrical departments of the vari- 
ous railroads in extending to Mr. Cutting our New Year 
wish for the greatest measure of success in his new en- 
deavors. 


J. J. HACK APPOINTED ENGR. TRAIN LTG. HTG, & 
VENT., SO. PAC. CO. 

Mr. J. J. Hack, formerly supervisor of electric light- 
ing of the Southern Pacific Co., has just been appointed 
Engineer, Train Lighting, Heating and Ventilation to 
succeed Mr. E. M. Cutting, resigned. 

Mr. Hack is a pioneer in car lighting work, having 


J. J. Hack. 


been in the employ of the Southern Pacific Company as 
Electrician and on other various rungs of the ladder of 
his success, since 1889. At that time the Southern Pacific 
Company had just installed a head-end train lighting sys- 
tem on the Golden State Limited, but shortly after this 
he began to receive axle lighted cars equipped with the 
old Moskowitz machines, and in the course of the next 
three or four years the electrical department developed 
rapidly. 

Mr. Hack has then been engaged in train lighting 
work for over 23 years, and for 12 years has been as- 
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The Five Essentials 


Columbia Mazda Lamps 


Drawn Wire Filaments 


The mechanical strength of the new 
Columbia Mazda Lamp has added greatly to 


| ae aN its life. In addition it has increased elec- 

ae | trical efficiency. We carry an immense 

\ 4a, / — stock of low voltage lamps for train lighting 

; 4 service as well as the standard sizes and 
‘a styles of lamps for ordinary voltages. 


The Standard for Train Lighting 


—<$<<$<$<—_—__. 


Diehl Car Fans 


R 
Railway Car Service 


They are the best. When the man- 
ufacturers could no longer improve the 
motor they improved the base. These 
bases are of artistic design and may be 
permanently mounted in the cars. The 
Fan is easily and quickly removed 
without disturbing its base. No 
marring of woodwork—no loss of time. 


Ask for Additional Information 


Demand on all your orders QUALITY 
THE HOUSE OF SERVICE, carrying the 
or West. Prompt shipments are our 
ing catalogue, it will go to you for the 


WOrutral Elect 


320-326 South Fifth Ave. The House 
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to First Class Service 


Standard of All Rubber Insulations 


Okonite insulation with its toughness, elasticity and high 
electrical resistance is always placed concentrically around 
the conductor. The result is a product absolutely dependable. 


Wire installed in railway cars should be the best. 
Okonite is made in one grade only—THE BEST. 


D. c& W. Fuses 


The Standard by Which All 
Enclosed Fuses Are Judged 


Construction of link used in fuse in operating under severe conditions. 


D. & W. Fuses are scientifically designed with maximum service 
and a resultant minimum volume of metal for a given current value. 
This enables fuses of reasonable dimensions to meet abnormal conditions 
of overload. The fibre tubes are exceptionally strong. They are 
manufactured with steel reinforcing rings when necessary. 


Specify D. & W. Fuses and secure the protection you need. 
and SERVICE—then write us. We are 
largest stock of electrical supplies East 
specialty. If you have nof our big instruct- 
asking. Write for it on your letterhead. 


ric Cumpany 


of Service CHICAGO, ILL. 
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sistant to Mr. E. M. Cutting. He was one of the orig- 
inal ten men who met at Ogden several years ago and 
formed the neucleus which ultimately developed into 
the Association of Railway Electrical Engineers. In a 
letter to the writer, Mr. Hack states that he considers 
this one of the best things that he ever had the pleasure 
of helping to accomplish. 

Mr. Hack attended the convention of the Association 
a year ago, so many of us are already well acquainted 
with him, and those of us who are can assure the rest 
of us that we are going to find a good live wire and an 
active worker for the Association in Mr. Hack. 


CRAVENS ELEC. CO. BECOMES AGENTS FOR 
ELECTRIC WELDING OUTFITS. 


The Cravens Electric Co. of Chicago has recently 
further increased its scope by securing the exclusive 
sales agency for the C. & C. Electric & Mig. Co. cov- 
ering a large portion of the middle west. This line in- 
cludes not only the well known C. & C. motors and gen- 
erators but also the electric welding outfits which have 
been adopted by some of the largest concerns. This is 
the make of apparatus that was recently purchased by 
the Central Railroad of N. J. after exhaustive and 
rather interesting tests. 

The Cravens Electric Co. has increased its facilities 
for manufacturing distribution panels, switchboards, 
disconnecting switches and other power station equip- 
ment, of which it makes a specialty. They will also 
continue as agents for the Eastern Electric Lamp Co. 

They announce that beginning with the first of the 
coming year Mr. W. P. Naser will be affiliated with that 
company as Sales Manager. 

Mr. W. P. Naser, the new Sales Manager of the Com- 
pany, has for the past four years been very successful 
as the manager for the Electrical departments of both 
the New Orleans and the Texas branches of the H. W. 
Johns-Manville Co. He has had a thorough technical 
and commercial training in both the British and Ameri- 
can Works of the Westinghouse Co. 


OLIVER ELEC. & MFG. CO. INCREASES PLANT. 


The Oliver Electric & Manufacturing Co. of St. Louis, 
advise that the rapid growth in their business has been 
such that they have found it necessary to practically 
double their floor space, and have installed five addi- 
tional machine tools to better take care of their busi- 
ness. They have also increased their capital stock from 
$25,000.00 to $50,000.00, this increase being taken care 
of by the present stockholders. 


THE ILLUMINATION OF METAL WORKING PLANTS. 


This is the title of a non-technical bulletin just issued 
by the National Electric Lamp Association. The bul- 
letin shows many interesting photographs of effective 
installations and gives some interesting comparisons of 
cost of operation of flaming are lamps and tungsten 
units. 


ee _ 


ELECTRICAL OPERATION OF RAILWAY SHOPS. 


This is the title of an excellent bulletin on this subject 
just issued by the General Electric Co. It draws inter- 
esting comparisons between independent drive and group 
drive, and alternating current and direct current installa- 
tions. It also gives a detailed description of certain typ- 
ical shops, numerous examples and certain types of drive. 
The book is well illustrated and of considerable value to 
any man in charge of railway shop motor equipment. 
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THE “BEEHIVE” TRIO. 
To complete the so-called “Bee Hive” trio, a series 
of widely distributing reflectors, the National X-Ray 
Reflector Company of Chicago has produced a new type 
that you see illustrated below. The original and well- 
known ‘‘Bee Hive” reflector, which has been on the 
market for a couple of years, was designed expressly 
for the illumination of the Patten Gymnasium of the 
Northwestern University. The manufacturers haye 
since found an extensive application. for this reflector 
in large high rooms, in factories, shops, armories, gym- 
nasiums, press rooms, etc. The large “Bee Hive’ wag 
designed for 100, 150 and 250 watt lamps. 


RN pc 


One of the. Bee Hive Reflectors, 


The No. 565 gives the best results when used with 
60 and 100 watt lamps. This new reflector is made of 
glass in one piece and it is comparatively small, being 
only 7% inches high and 7% inches in diameter. ; 

The third member of the “Bee Hive” trio is a small 
reflector, No. 555 for 25 and 40 watt lamps. The pecu- 
liar designs of the “Bee Hives” make them very ef- 
fective when shielding tungsten lamps from view. 

The No. 565 reflector may be used whenever a wide 
spread of light is desired from ceilings of average 
heights. 


NATIONAL MAZDA LIGHT FOR RAILWAY 
SERVICE. 

-This is the title of a new pamphlet just issued by the 
National Electric Lamp Association. The pamphlet 
takes up in~ considerable detail the value of lighting 
stations, offices, repair shops, yards, freight houses and 
platforms. 

It demonstrates that the possibilities of lighting in 
these various points of railroad system should not be 
overlooked by the different railroads, in fact, shows that 
it is really a good investment to provide good light. 

The book is rather elaborate, and contains some ex- 
cellent illustrations of car lighting, station lighting, plat- 
form, shop and yard lighting. 

It will gladly be sent. on request to the National 
Electric Lamp Association, Cleveland. 


TECHNICAL DATA BULLETIN. ~ ¢: 


The Delta Star Electric Co., Chicago, are distributing 
a new 32 page data bulletin devoted to high tension dis- 
tribution. The data given on 33,000 volt line construc- 
tion, method of lighting protection, etc., will be of in-— 
terest to operators of high tension systems. 4 
eee 
POSITION WANTED. 


A man having had 8 years experience as electrician at the St. 
Louis yards of the Vandalia (Pa. Term.), wishes to get back into the 
car lighting game. He is a man of more than ordinary ability and we 
hope th's notice, unsolicited on his part, will prove effective. Address 
A. ees care Railway Electrical Engineer, 106 N. La Salle St., Chi- 
cago, é 
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OUR OBJECT. 


The object of this publication is to provide a medium for the 
free interchange of ideas and experience among those identified 
with the operation of electrical apparatus as applied to rail- 
way practice. 

In this mutual exchange of ideas among the men prominent 
ip the field there will result a better understanding and solu- 
tlon of the problems before us and a wonderful inspiration for 

. all to greater achlevements. 
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The Postal Car Specification. 


Of the specification for the construction of steel full 
postal cars recently prepared by the Postal Department 
and published in another part of this issue practically 
one-half of the entire specification is given over to a 
consideration of the illumination features. This is an 
impressive recognition of the fact that the illumination 
of cars is a subject which should be given a most care- 
ful consideration by railway men. This specification 
provides both for initial illumination values and for ser- 
vice illumination values in various parts of the car. The 
initial illumination values at first glance might appear 
comparatively high, but with the ordinary depreciation 
of 20 per cent in the candle power of the lamp at the end 
of its life and a normal depreciation in reflecting effi- 
ciency equal to approximately the same amount, the 1n- 
itial values become equal to the service illumination val- 
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ues, requiring a minimum of 2.8 ft. candle horizontal 
illumination in the bag rack and letter case section of 
the car, and this is not at all unreasonable. 

As to what layout of lighting units in the various 
sizes of lamps will be required to meet this specification 
we are very pleased to submit as a supplement to the , 
government specification a few layouts prepared by Mr. 
A. J. Sweet, who has made a most careful investigation 
of this subject, and who is especially well qualified to 
prepare such a series of layouts. 

It will be noted from these diagrams that where 25 
watt lamps are installed throughout, the current con- 
sumption is somewhat lower than when 50 watt lamps 
are used, and similarly 15 watt lamps meet the specifica- 
tion with a somewhat lower current consumption than 
the 25 watt lamps, although the difference between the 
15 and 25 watt lamps is not near so marked as between 
the 25 and 50 watt lamps. This is because of the fact 
that the small size units can be spaced more economically 
to give the minimum value of illumination required than 
the larger units can. 

The fact that this specification differentiates between 
the various types of reflectors shows that it is far from 
being an arbitrarily established requirement by postal au- 
thorities. As a matter of fact, this specification is, in 
part at least, based upon the results of a most complete 
investigation of postal car lighting, which was conducted 
by one of the Eastern roads last summer. 

The importance of the choice of reflector for this serv- 
ice cannot be too strongly stated. It is a well estab- 
lished fact that the difference between the illumination 
produced on the reading plane where a high grade re- 
flector is used and where a low grade reflector is used 
may easily be as great as two to one. The lamp position 
in the reflector is also an important factor in obtaining 
maximum efficiency. 

The fact that where indirect lighting is employed the 
minimum values of the specification may be reduced 
from 25 to 40 per cent may result in a rather extensive 
use of this type of illumination for postal car lighting. 
With the old style clear story type of roof construction, 
indirect lighting is placed at a great disadvantage be- 
cause of the comparatively small reflecting surface of the 
upper deck, and also because of the fact that the quarter 
deck and window ventilators intercept so much of 
the. light that the efficiency of the system is greatly re- 
duced; but in the turtle back roof type cars a large and 


‘continuous reflecting surface is provided and indirect 


lighting will here undoubtedly find a much wider and 
more successful application. 


Indirect Lighting. 


Although indirect lighting is still in the experimental 
stage as applied to railway passenger cars, it is receiv- 
ing a wide application in illumination of waiting rooms, 
offices, drafting rooms, residences, etc. In fact, it in- 
variably meets with great favor and success wherever 
the consideration of artistic treatment or relief from eye 
strain are given more weight than any consideration of 
lumens per dollar. Although there is some loss by the 
double reflection, first from the reflector unit, and sec- 
ond from the white ceiling above, this decrease in illum- 
inating efficiency is practically compensated for by the 
increase in eye efficiency or ability to see, where the in- 
direct system of lighting is installed. It is well known 
that whenever a bright source of light comes into the 
field of vision, the pupil of the eye contracts and thereby 
cuts down the amount of light admitted to the retina. 
This may cause acute pain and always results in a 


254 


marked decrease in one’s ability to see temporarily; if 
such conditions are allowed to continue, however, they 
often cause serious eye trouble. 

Even when the light itself does not come directly in 
the field of vision, as when the lamp is properly con- 
cealed within the reflector or placed high above the 
range of vision, the specular reflection or glare from the 
surfaces of paper or other objects in view may reduce 
the eye efficiency in a manner very similar to that of 
the bare lamp in the field of vision. With’ indirect 
lighting where the whole ceiling is more or less bril- 
liantly illuminated, the light coming to the observer is 
very diffuse and comes from a multitude of different 
directions so that there is no glare either directly from 
the lamp or by specular reflection to cause a reduction in 
eye efficiency. ; 

Although it is impossible to vary the illumination on 
the working plane by raising or lowering the indirect 
fixture as it is with any direct lighting unit, the relation 
of mounting height to the height of ceiling and the dis- 
tribution curve of the reflector used are very important 
considerations in the design of indirect lighting instal- 
lations. When the ceiling of the room is high enough 
so that the lighting unit may be mounted 8 or 10 ft. 
below the ceiling and where several units are installed, 
the distribution curve of the reflector is not of so much 
importance, but in rooms with low ceilings both the dis- 
tribution curve of the reflector and the diameter of the 
indirect lighting fixture become of special importance. 

Since the distribution curve of a beam of light strik- 
ing a diffusing surface such as a white ceiling at any 
angle is a circle tangent to the ceiling, the direction of 
the main light flux from any given reflecting area will 
be directly downward. Obviously, then, the distribution 
curve of the reflector should be such as to distribute 
the major part of the reflected light in such a direction 
as will strike the ceiling at a point several feet away 
from the outer edge of the indirect unit. A large part 
of the light sent vertically upward by the reflector is 
reflected back from ceiling in a downward direction and 
is intercepted by the lighting unit itself. So it is at 
once evident that the amount of light intercepted by the 
unit should be reduced as much as possible by making 
the entire unit of a small diameter and by distributing 
the light over a comparatively wide circle instead of con- 
centrating it in a small area directly over the unit. Too 
extensive a reflector, however, must not be employed 
for this will allow too much of the light to be directed 
on the upper wall area instead of reflecting it to the use- 
ful plane below. 


Effect of Clean Lamps on Lighting Efficiency. 


The high candlepower tungsten lamp forms the basis 
for an extremely efficient and economical system of in- 
dustrial lighting. However, to get even 50 per cent. of 
this efficiency, the lamp must be supplemented by a 
reflector so designed that it will deflect and re-direct 
the rays of light, delivering them between useful angles 
below the horizontal. Even this combination is of little 
value unless the lamp and reflector are kept clean, and 
the cost of this cleaning will be great or small accord- 
ing to methods adopted. 

The money invested in reflectors for mill lamps 
amounts to many hundreds of thousands of dollars. The 
moment these reflectors become coated over with dirt 
they cease to be reflectors, and that enormous invest- 
ment becomes unproductive. 

To get only 50 per cent. or 75 per cent. of the il- 
lumination produced by the lighting equipment is just 
as real a loss as to get but 50 per cent. or 75 per cent. 
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of the pig iron, coal, wire, or any other commodity 
which is purchased and paid for, because industrial 
illumination affects the value of every employee con- 
nected with the plant. 


LECTURE ON TUNGSTEN. 


_ At a_recent meeting of the New York Electrical 
Society, Dr. Charles Baskerville delivered an interestin 
Jecture on “Tungsten”. The author reviewed the history 
of the metal from the time of its discovery by Scheele 
in 1781, when it was called “Tungstein,” and gave many 
important historical dates and names of the scientists 
associated with the development of pure metalic tungsten 
in its present form. 

Tungsten is found and mined as tungstates of the vari- 
ous metals, the principal one being the iron salt, known 
as “wolframite,” represented by the formula FeWO*. 

Tungsten may be prepared from wolfram by heating 
the powdered ore with sodium carbonate, extracting the 
sodium carbonate with water, filtering and adding an 
acid to precipitate tungstic acid. H?WO*. This js 
washed and dried and the oxide thus obtained is then 
reduced to the metal by heating with carbon to a high 
temperature. Tungsten is also obtained by heating the 
oxide with carbon in an electric furnace, in whichi case 
the product is porous and can be welded like iron. 

Reference was made to the various uses of tungsten 
and its alloys. Particular attention was given to the 
tungsten filament as being the application of most inter- 
est to the electrical engineers. The speaker told of the 
difficulties encountered in removing from the metal im- 
purities such as sulphur, arsenic, antimony and phosphor- 
ous, which was very essential in order to obtain a suffici- 
ently strong and uniform filament. Besides this, the car- 
bon which is used in producing the tungsten must be re- 
moved, which caused considerable difficulty. The honor 
of the development of tungsten, the speaker said, has 
wrongly been claimed by and given to Austria, when, in 
fact, it belongs to America. Credit should be given par- 
ticularly to Dr. W. R. Whitney, of the General Electric © 
Company, for bringing the tungsten filament to its pres- 
ent state. 


DATES IN THE HISTORY OF TUNGSTEN: 


1781. Tungstein discovered ........ 0000 Scheele 
1783. Wolfram containing tungsten...... Dr. Elhuyer 
1815, JAlloy. withtiron ese. pa Hassenfratz 
1826. Atomic: weight =... .. 2). ene ... Berzelus 
1836. Yellow to blue oxide........ Mic - Malaguti 
1868. Five per cent. tungsten steel rails. 
1882. Tungsten shot.c5)..9.0e eee Mieg and Bishoff 
1887. » First filament’ ..:...... 9) Bottome 
1903.2 SPilatnent. sy shears ee Just and Hanaman 
1905, Filament .....0..s/.+ 6 se sisi Kuzel 
1903.4 Biilament, oceans see Auer von Welsbach 
19075. filament 3°55. eres Siemens & Halske 
19083 Filament... 24:4 ee Westinghouse — 
191 OS eilament .. eee eee General Electric Company 


ELECTRIFICATION PROGRESSING IN ENGLAND. 


Another steam railroad terminating in London has de- 
cided to adopt electrification for its suburban traffic. An 
announcement of this decision has been made by the Lon- 
don & Southwestern Railway. 

The action of the London, Brighton & South Coast 
Railway in electrifying its suburban lines has been Te 
markably successful in winning back traffic which had 
previously been lost to the electric railways in the same 
territory. 


~ 
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New C. B. & Q. Ry. Office Building 


The new 17-story office building at Chicago of the 
Cc. B. & Q. R. R., which has just been completed, is 
one of the biggest private railway office buildings in the 
country and has many features which are of interest. 

The building is of an almost triangular shape, front- 

ing 151 feet on Jackson boulevard and 175 feet on 
Clinton street with the elevated railroad abutting the 
hypotenuse of the triangle. So the building has an 
unobstructed view on all sides and the lighting with- 
in during the day time is excellent. For artificial 
illumination the building is completely equipped with in- 
direct units of the “Alexalite” type, using 100, 150 and 
250 watt tungsten lamps as the occasion requires. 

We show herewith a view of two of the more im- 
portant rooms, the telegraph office and the drafting 
room. In the telegraph office there are 19 250 watt 
units installed. The room is approximately 42x52 feet, 
an area of 2184 sq. ft., this makes a current consumption 
of 2.2 watts per sq. ft. Without doubt the size of the 


Main Corridor and Entrance to Elevators. 


Fig. 1. 


lamps installed will be reduced after the illumination 
tests have been made, for the present installation pro- 
vides really more than sufficient illumination. At the 
present time no illumination tests of this big installation 
have been made, but these will be available in a short 
time and results published in these columns. 

The general effect of the indirect lighting in this build- 
ing is most pleasing, for there are no bare lamps what- 
soever in the field of vision. Obviously all drop lights 
and desk portables have been relegated to the discard 
heap. The illumination in all of the rooms of the build- 
ing is very uniform and well distributed. 

This particular lighting unit, known by the trade name 

“Alexalite,” is a white enameled steel reflector bowl of 
decorative lines suspended below the lamp by means of 
three chains. Any one of these chains may be unhooked 


and the bowl reflector tipped to a vertical position for 
cleaning. This permits that an accumulation of dirt may 
easily be crushed out and the reflector wiped clean. 

The main corridor of the building on the first floor is 
illuminated by large diffusing bowls beautifully etched in 
a decorative color design, as shown in the accompanying 
illustration, 


Fig. 2. 


The New C. B. & Ry. Office Building. 


A complete power plant of the most approved engi- 
neering practice is installed in the sub-basement of the 
building. Two 300-k.w. and one 100-k. w. direct cur- 
rent Corliss engine generator units are installed. These 
engines run non-condensing and have 20x36 in. cylin- 
ders and 12x36 in. cylinders respectively. The 300-k. w. 
unit runs at 125 r. p. m. They are equipped with the 
new long range cut-off and a special type of governor. 
An emergency stop is provided to prevent the engine 
from running away, in which a centrifically operated 
trip causes the main throttle of the steam line to be 
closed immediately in case of trouble. There are four 
300-h water tube boilers installed which operate at 
50 lbs. steam pressure. These are equipped with me- 
chanical stokers and a complete system of coal elevating 
apparatus for bringing the coal from the bunkers below 
the sidewalk into individual hoppers for each stoker. A 
pneumatic ash exhauster is installed for blowing ashes 
from the ash pit into the ash bin on the second floor of 
the alley side of the building, a total lift of about 60 ft. 
in height. 35-h. p. motor is installed which has a 
capacity for handling eight tons of ashes per hour. 

The switchboard has some novel features which are of 
interest. Any one of the three machines may be operated 
on the combined light and power circuits or, as will be 
more generally the case, the light and power circuits 
may be operated entirely independent of each other. 
This is effected by means of a heavy double throw switch 
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and single throw tie switch of 600 ampere capacity 
mounted on a panel back of the switchboard. The gen- 
erators are of 220 volt, three wire type, and the various 
lighting and power circuits throughout the building are 
so designed as to make an approximate balance on both 
sides of the neutral. A recording ampere meter is sup- 
plied on both sides of the light circuit which will show 
up any chronically unbalanced condition in the circuits 
which can then be rectified by changing connections on 
the individual boards of the floors above. 


Fig. 3. 


Night Dlumination in One of the Drafting Rooms. 


There are recording kilowatt meters on both power 
and light circuits and a recording ammeter and a record- 
ing volt meter for power circuit and integrating meters 
registering total kilowatt hours for both power and light- 
ing circuits. A bench board shown on the right hand 
side of illustration (Fig. 7) is installed for operating 
the remote control apparatus for both rheostats and gen- 
erator circuit breakers. There are three indicating 
lights for each control switch, the white one showing 
when the motor is operating on the generator cir- 
cuit control panel, a red light indicates when the breaker 


TO AMMETER 


ENGIN ROOM 
LIGHTS 


Fig. 4. 


Wiring Diagram of Generator Connections, 
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is Closed, and the green light indicates when it is open. 
Two station type volt meters are mounted on the bench 
boards and are supplied with push button contactors, 
They may be used to indicate the voltage of any circuit, 


Fig. 5. Night Illumination in Telegraph Office. 


For the protection and control of each generator there 
is mounted on a special board, as shown in Fig. 6, a 
five-pole overload reverse current direct acting time 
limit motor operated remote control circuit breaker. 
These panels are mounted adjacent to the generator as 


One of the Engine Driven Units With Remote Control Panel. 


shown. In each power circuit there is mounted on the 


main switchboard a double pole double coil overload 


This 


direct acting time limit “Directite” circuit breaker. 


latter breaker is of a rather unusual design in that one 
pole of each circuit is mounted above the other and the 


tripping latches of each half breaker are connected by a 


vertical rod to insure both poles operating on an over- 
load on either side of the line. This special construction 


in which the poles of the circuit breaker are mounted 


vertically above each other simplifies the bus-bar con- 


struction at the back of the board, and permits of a more 


compact design in the bus-bar equipment. 


As will be noted fromthe accompanying diagram 
(Fig. 4), there are taps for a three phase transformer 


taken off the direct current armature winding at points 


120 degrees apart. hese are taken off through collec- 
tor rings and are connected through a 3-pole switch to 


one terminal of three transformer windings. The oppo- 


site poles of these transformer windings are all connected 


La 


Lj 


| 
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together as a star three phase circuit. The neutral of 


the 220-volt direct current circuit is then attached to the 


neutral or common point of these three phase trans- 
former coils. 

When there is a perfect balance in both sides of the 
direct current circuit there will be no current flowing 
through the neutral wire, and there will be only a slight 
alternating current flowing through the coils of the three 


phase transformer. This latter is only the equivalent of 


the open circuit magnetising current of the ordinary 
transformer. When the direct current circuits become 


. The Main Switchboard With Bench Board for Remote Control 
Apparatus on the Right. 
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unbalanced, however, so that there is a flow of current 
through the neutral wire, this traverses the three coils. 
of the balancing transformer and finds its way back to. 
the armature coils of the main generator. 

Another novel feature of this equipment is that the 
equalizer current passes through both the overload coils. 
of the five-pole circuit breaker and the ammeter shunt so 
that the actual amount of current generated is regis- 
tered on the ammeter and the overload coil receives the 
total current passing through the windings of the arma- 
cure. 

The double pole equalizer switch is also a novel part 
of the equipment in that a generator may be combined 
to equalize with any other generator on either the light 
or the power circuits. When any one generator is operat- 
ing on the power circuit alone, and is providing no cur- 
rent for lights, its balancing transformer may be cut 
out of service by opening the three phase switch. 


The five-pole circuit breaker is equipped with three 
overload tripping coils, one in the positive machine line 
and in the neutral. The negative overload coil has also 
a reverse current coil to provide against reversal of cur- 
rent through the generator armature. 


The lights in the engine room proper are connected 
direct to the generators and are entirely independent of 
any of the circuit breakers or fuses on either the main 
switchboard or the remote control board. Even if there 
is such trouble in the external circuit that all the break- 
ers, both machine and individual circuit go out, the en- 
gine room lights will not be affected. There are thirty 
150-watt tungsten units in Benjamin reflector sockets in- 
stalled in the engine room. 


Specification for the Lighting, Heating and Ventilation of 
| Steel Full Postal Cars 


Revised to Dec. 28, 1912, by the U. S. Post Office Dept. 


General. 


Lighting of postal cars and apartments primarily to be 
with electricity or gas, where feasable; mantles to be 
used on gaslights where practicable, with provisions for 
emergency lighting as hereinafter specified. Fixtures, 
Wiring, battery boxes and their equipment, gas piping, 
and all other accessories in connection with the lighting 
system to be as per railway company’s standard practice. 
Each electrically lighted car equipped for axle generator 
or head-end system of lighting shall be equipped with 
storage battery of sufficient capacity tg, furnish for 12 
hours the intensity of illumination specified hereinafter 
without any charging whatever of the battery during 
this period. Each car using gas or straight storage elec- 
tricity as the primary system of lighting shall be equipped 
with storage capacity sufficient to furnish light for 36 
hours at the intensity of the illumination specified here- 
inafter 

CONSTRUCTION, 
Body of Car, 

The light units for illuminating the bag-rack and stor- 
age portions of the car shall be located on the center line 
of the postal apartment. Direct lighting units shall be 
located at such uniform height that the shadow of the 
paper boxes is not cast on any bag-rack label, nor higher 
than approximately 3 inches above the back rod of rack. 
In no case shall any light unit (except oil lamps, the 
lowest point of which may be 6 feet 9 inches from the 
floor) be mounted at a height of less than 7 feet meas- 


ured from the floor to the lowest point of the light unit. 
(Spacing between adacent units in the bag-rack portion 
of the car shall not exceed 8 feet 6 inches in case of any 
direct system of lighting, nor 14 feet in case of any 
indirect system. ) 

Letter Cases. 

Light units or illumination of the letter cases shall be 
mounted at the same height from the floor as the units 
in the body of the car, and as far from front of the face 
of the letter case as possible without the body of the 
distributer throwing any shadow on his work. In stand- 
ard construction where the letter-case table is 17 inches 
wide the above distance is 20 inches. Where the car 
construction does not permit the above distance to be 
employed, a lesser distance, but not less than 16 inches, 
may be employed. Separation between adjacent letter- 
case units shall be such as to provide an illumination 
intensity at all points within the requirements hereinafter 
specified. 

If an indirect lighting system be employed, the pro- 
visions of the above paragraph will be waived. In such 
case the only requirements imposed for location of units 
at letter cases are those involved in providing for suff- 
cient vertical and horizontal illumination intensities to 
meet the provisions of these specifications as hereinafter 
stated, all units in the car burning. For the purpose of 
these specifications an indirect system is here defined as 
any system in which at least 85 per cent. of the horizon- 
tal illumination on the 46-inch plane of utilization is 
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received, either directly or indirectly, by reflection of 
the light from the deck of the car. 


Special Features of Light Units. 


In the case of incandescent electric or mantle gas 
lamps the design of light unit, except letter-case units, 
shall be such that no portion of the bare lamp filament 
or the bare mantle is visible to the eye when the unit is 
observed at an angle of 70° or greater from the nadir. 
(In general, light units are preferred which emit no 
light or only a small amount of light between the angles 
of 50° and 100° from the nadir.) 

The control of the lights in the postal department 
shall be independent of any other lights in the car and 
the letter-case units shall be controlled independently of 
any other light units in the postal apartment. 


Initial Illumination Values. 

All horizontal illumination values shall be taken on 
plane 46 inches above floor line. Vertical illumination 
values shall be taken on the vertical plane on the face 
of letter case as specified below. New lighting installa- 
tions shall be such as to give initial illumination values 
within the following limits: 


Minimum, Maximum, 


Location. are fect 
Bag-rack portion: 
Center of car, horizontals a.) 4.70 10.00 
Mouth of bags, illumination meas- 
ured 18 inches from side of car, 
horizontal@a see 2200 10.00 
Letter cases: 
Overstable horizontal eee eee 4.70 16.00 
Facexot icase, vertical an eee By AUS 16.00 
Storage portion, not behind obstruc- 
tion, horizontal, measured not less 
than 18 inches from side or end 
Of Car 2. ee eee eee 2.50 10.00 


Illumination requirements at letter cases as above 
specified shall be entirely fulfilled by letter-case units, 
other units in the car not burning; but letter case units 
may be considered as contributing to the specified illu- 
mination values for the body of the car. 

If globes or reflectors of opal glass, rough crystal 
glass, prismatic glass, or aluminumized metal, and those 
giving similar results (excluding heavy density opal 
with glazed reflecting surface, mirrored glass, porcelain 
enameled metal, and those giving similar results) be 
employed, the minimum values specified in the above 
table may be reduced 20 per cent. and the maximum 
values increased 20 per cent. 

Above illumination values are based on an allowance 
of 40 per cent. for depreciation in service. Less efficient 
maintenance must be compensated for by increased initial 
installation. 

If an indirect lighting system be employed, the min- 
imum and maximum values in the above table may be 
respectively decreased and increased 40 per cent in the 
bag-rack and storage portions of the car and 25 per 
cent at the letter-case locations specified in above table. 


Emergency Lighting. 
An emergency lighting system consisting of candle 
lamps will be required on all cars lighted primarily by 


electricity or gas. (A more adequate system of emer- 
gency lighting as defined hereinafter may be required.) 


OPERATION. 
Service Illumination Values. 
While the car is in active service the lighting installa- 
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tion shall be maintained at all times to give illumination 
values not less than the following minimum values: 


Location. Mina 
Bag-rack portion: 
Center of ‘car,“horizontal, -7.) 29.050 eee 2.80 


Mouth of bags, illumination measured 18 


inches from side of car, horizontal....... 1.50 
Letter cases: 
Over''table, horizontal... ..:.. 7.0 ee 2.80 
Face of case, vertical........... csc 1.25 


Storage portion, not behind obstructions, hor- 
izontal; measured not less than 18 inches from 

sides or endStoiscar. 2:2. eee he 1.50 

Illumination requirements at letter cases as above 
specified shall be entirely fulfilled by letter-case units, 
other units in the car not burning; but letter-case units 
may be considered as contributing to the specified illu- 
mination values for the body of the car. 

If globes or reflectors of opal glass, rough crystal 
glass, prismatic glass, aluminumized metal, and those 
giving similar results (excluding heavy density opal 
with glazed reflecting surface, mirrored glass, porcelain 
enameled metal, and those giving similar results) be 
employed, the minimum values specified in the above 
table may be reduced 20 per cent. 

If an indirect lighting system be employed the mini- 
mum values in the above table may be decreased 40 per 
cent. in the bag-rack and storage portions of the car, 
and 25 per cent. at the letter-case locations specified in 
the above table. ! 


Light Failure. 

A light failure is defined as the condition where for 
a period exceeding 30 minutes the primary lighting sys- 
tem fails to give sufficient illumination to permit dis- 
tribution of mail matter to be continued. It will be 
considered that whenever the lamp voltage falls below 
80 per cent. of the normal operating lamp voltage such 
a condition of light failure has been reached. 

Car Movement. 

A car movement is defined as the use of a postal car 
by a crew of postal clerks over the length of their run 
in one direction. Where a car covers more than the 
run of one crew, each separate run shall be considered 
a Car movement. 


Percentage of Failure. 

The percentage of failure of the lighting system is 
defined as the ratio of the total number of failures to 
the total number of car movements of each primary 
system of lighting (gas and electrically lighted cars to 
be considered separately) on each railway system. The 
determination of percentage of failure shall be based on 
the operating performance of each car for the preced- 
ing 12 months period. Only such failures as are 
promptly reported by the Railway Mail Service to the 
operating railroad shall be considered in computing the 
percentage of failure. 


Emergency Lighting. 


If the percentage of failure of the primary system of 
electric or gas lighting does not exceed 1 per cent., 
ane lamps will be accepted as a suitable emergency 
ight. 

If the percentage of failure of the primary system of 
gas or electric lighting exceeds 1 per cent. and is not 
greater than 4 per cent, an emergency system of suitable 
oil lamps, gas or electric lights, maintained by inde- 
pendent storage capacity, may be required. Such emer- 
gency system must provide illumination values of not 
less than 50 per cent of the minimum operating illu- 
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mination values specified above for the primary system, 
with the exception of letter cases and center line of car 
through bag. rack portion where the illumination shall 
not be less than 60 per cent. 

If the percentage of failure of the primary system 
of electric or gas lighting exceeds 4 per cent., a new 
installation or a second complete primary system of 
lighting will be required on cars so failing. 
Determination of Illumination Values. tlhe 

The illumination values herein specified shall be de- 
termined by the usual and approved methods. Any 
differences regarding the same which may arise between 
the Post Office Department and the railway companies 
affected shall be referred to the Bureau of Standards 


for decision. . 
HEATING. 


Heating of postal cars primarily to be with steam or 
hot water. Pipes are to have suitable protection guards 
of wire or perforated metal. Pipes located behind 
paper-rack sections shall not occupy space exceeding 20 
inches in height and 4 inches from wall of car. Where 
service conditions require, an auxiliary coal-burning 
stove of safety pattern shall be furnished, complete with 
coal box and firing tools, smokejack properly screened, 
and protection guards. The stove and coal box to be 
securely attached. 

The train-pipe steam line to be applied and equipped 
with end valves, steam hose and couplings, as per M. 
C. B. requirements and the railway company’s standard. 

Requirements of the department embody three main 
points: First, sufficient heat. to keep the postal car or 
apartment comfortably warm; second, proper distribu- 
tion of heat, particularly throughout that part of the 
car occupied by letter cases and paper racks (care 
should be taken not to have excess of heat around the 
letter cases), and third, an arrangement of pipes to 
avoid interference with distributing facilities. 

To obtain the results outlined above the department 
will require postal cars and apartments to be equipped 
with sufficient amount of radiation to make the floor of 
the car comfortable and to obtain a temperature of 65 
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degrees between the side doors at a point 5 feet above 
the floor line and to maintain such temperature under 
the most adverse weather conditions to which the car 
is subjected when in service. Sufficient radiation should 
be provided in the end of the car containing hopper and 
washstand to maintain a temperature of at least 48 
degrees in that location. 

All coal-burning stoves furnished as an auxiliary or 
emergency heat must be of a safety pattern or design, 
properly guarded by metal casing so as to prevent over- 
heating of closely-surrounding objects and damage 
which might result therefrom. 


VENTILATION. 

Ventilation of postal cars of clear-story design to be 
accomplished by means of self-acting ventilators, having 
intake and exhaust working in conjunction. Four such 
ventilators per side for 70 and 60 foot cars; three per 
side in 50 and 40 foot cars, and two per side in mail 
apartments placed to obtain maximum results. Other 
deck sash to have clear glass and to be placed in fixed 
position without screens. Trimmings of deck sash to 
be railway company’s standard. 

Postal cars not having clear-story roofs are to have 
a sufficient equipment of self-acting ventilators in the 
roof. 

“THEO, INGALLS, 
General Superintendent Railway Mail Service. 
JOSEPH STEWART, 
Second Assistant Postmaster General. 
PRANKS ati! CHEOCK 
Postmaster General. 


Postal Car Layouts. 


In order to obviate the necessity of each railroad com- 
pany making extensive illumination tests and numerous 
trial installations so that they may be sure the illumina- 
tion in any proposed postal car will comply with the 
specifications of the Post Office Department, we submit 
herewith a series of layouts for both the full postal car 
and the apartment postal car. 


. Layout for Full Postal Car Using 50 Watt Tungsten Lampsand Holophane D’Olier Enameled Steel Reflectors. © 


(All Units Mounted 7’ 9” Above the Floor, Measured to the Top of the Reflector.) 
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. Layout for Full Postal Car Using 25 Watt Tungsten Lamps and Holophane D’Olier Enameled Steel Reflectors. 


= (All Units Mounted 7’ 9’ Above the Floor, Measured to the Top of the Reflector.) 
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Layout for Full Postal Car Using 15 Watt Tungsten Lamps and Holaphane O’Olier Enameled Steel Reflectors. 


(All Units Mounted 7’ 9’ Above the Floor, Measured to the Top of the Reflector.) 
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These layouts were designed by Mr. A. J. Sweet, Com- 
mercial Engineer of the Holophane Works of the Gen- 
eral Electric Company who is one of the first authorities 
of the country on illumination matters and has made a 
special study of the illumination of postal cars. 

Mr. Sweet has chosen the aluminized metal reflector 
in all of the accompanying layouts, for with that unit 
the glare is minimized, yet the efficiency is high and light 
control excellent. The design of the lighting layouts 
submitted was based upon the use of this reflector, so 
these diagrams will apply only where this particular type 
of shade is employed. Later, however, we hope to be 
able to publish some layouts using other types of re- 
flectors. 

These computations are based upon the use of tung- 
sten lamps (1.25 watts per candle) in the various sizes 
shown, and the lighting fixtures are to be mounted in 
every case so that the top of the reflector is 7 ft. 9 in. 
above the floor. 

It will be noted from the accompanying diagrams of 
full postal cars, that where the 50 watt lamps are em- 
ployed it requires 13 lamps (650 watts) per car in order 
to meet the specifications, while with the 25 watt lamp 
it requires 23 lamps (575 watts) per car and with a 15 
watt lamp it requires 37 lamps (555 watts) per car. The 
reason for this is that the 25 watt lamp can be spaced 
very much more economically than the 50 watt lamp, 
and the 15 watt lamp more economically than the 25 
watt lamp. 

Special attention, however, must be called to the mat- 
ter of the type of reflector used. With the various 
types of reflectors on the market, low grade and high 
grade, there can easily be a difference as great as two 
to one in the illumination produced on the reading plane 
of the car. These layouts are based upon the use of the 
illuminized metal reflector which has a high efficiency. 

Tt will be noted that the specification requires that the 
storage battery capacity on cars equipped with axle de- 
vices be sufficient to maintain the specified illumination 
for a period of 12. hours’. ‘This on the 650. watmear 
would amount to 20 amperes for 12 hours at 30 volts 
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or 240 ampere hours required to meet the specificatiop. 
The standard 280 ampere hour storage battery would 
then meet the specification when new, but it must be re- 
membered that a storage battery loses its capacity some- 
what as it grows older, so in order to make provision 
against this loss of capacity or other emergencies it will 


probably be found necessary to install two storage bat- 


=. 


teries of the standard 280 hour capacity on each postal 


car, 


THE WESTERN ELECTRIC COMPANY IN 1912. 
On account of the world-wide ramifications of the 


Western Electric Company the final figures as to the re- 


sults of the year 1912 will not be completed much before 
April Ist. The sales will be between 71 and 72 millions, 
which is slightly more than in 1906, the previous largest 
year in the Company’s business. The increase has been 
in American sales outside of the Bell System, which 
have increased about 100 per cent. over 1906, and in 
European sales, which were the largest in the Company’s 
history. The results have been accomplished by an en- 
ergetic selling campaign in the face of increased and 
increasing competition. 


The Company is now selling to upwards of 30,000 


customers in the United States alone. 

It is expected that the profits will be satisfactory con- 
sidering the wider distribution and increased competi- 
tion. 

The Board of Directors has established two additional 


vice-presidents in the company’s organization, and has. 
fo) ’ 


appointed to these newly created positions Gerard Swope, 


General Sales Manager, and A. L. Salt, General Pur- 


chasing Agent. 


LARGE AREA LIGHTING. 

This is the title of a pamphlet just issued by the Gen- 
eral Electric Company giving data and other informa- 
tion on the new long burning flame arc. The booklet 
shows details of the lamp and also a photograph of an 
installation in a large car shop. 
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Fig. 4. Layout for Apartment Postal Car Using 50 
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Fig. 5. Layout for Apartment Postal Car Using 25 
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The Quartz Tube Lamp in Railroad Service 


With the development of the quartz tube mercury 
vapor lamp to a commercial stage very recently, the at- 
tention of all electrical men, particularly those asso- 


ciated with large manufacturing and railroad interests, 


has been drawn toward this lamp with a view to using 
it in large erecting shops where a general illumination is 
desired and where traveling cranes compel that the light- 
ing units be mounted 50 to 60 ft. above the floor. It 
also finds a wide application in yard and station lighting. 

Numerous installations of this type of unit have al- 
ready been made, one of which, installed in the locomo- 
tive erecting bay of the railroad shops of one of the 
big eastern roads, is shown in the accompanying illus- 
trations. 

This shop is 68 ft. wide and 264 ft. long. Lamps are 
mounted 64 ft. above the floor so as to clear the cranes, 
and are placed in a row down the center of the shop at 
a spacing of 58 ft. between lamps. An illumination test 
was made, the 18 test stations being so laid out.as to 
obtain average illumination over the entire floor space. 


The following data was observed: 


RBC ROLESHOD «82 ss ae a = mdOoett. x 264 its 
EE ei i Ae 17,950 sq. ft. 
PEPMPOPSIAMDS ccs cece gems 64 ft. 
Bermrorereadingse 2S ios os 42 in. 
Henotoineter Constant .2....... 204 
Station. Reading. 

1 2.10 

2 3209 

3 4.39 

+ 2.08 

5 Je 

6 4.48 

7 Dias, 

8 3.48 

9 3.69 

10 el 

11 716 

12 4.80 

13 2.98 

14 Sel 

15 4.00 

16 2.68 

17 3.69 

18 4.23 

Average 3.49 x .204 ==,.711 ft. candles. 

memperes,s (4 lamps) .,......... 12 

os) oo ee re ne 234 
NR 2s lect tio) as cle''¥ <5 2808 


2808 Watts 


.fO. Watts. per sq. it: 
£7950.sq. it: 


.156 Watts per sq. ft. .22 Watts per sq. ft. 


/11 ft. candles eee oes 


At the time this test was made there were no reflec- 
tors installed on the lamps. The addition of these re- 
flectors as now installed on all lamps will increase the 
illumination value given above between 15 and 20%. 

The light from this new quartz lamp, although much 
whiter and containing more of the purple and red rays 


than the long tube mercury vapor lamp, seems to retain 
to a marked degree the excellent seeing qualities of the 
mono-chromatic light of the original Cooper-Hewitt 
lamp. This is fairly well shown by the sharp contrast 
in the small details of the night view which is much 
more marked than in the day picture. 

In principle of operation of the new lamp is essenti- 
ally similar to the long tube mercury vapor lamp, the 
only difference being that, while the standard Cooper- 
Hewitt lamp is operated at the pressure equal to about 
one-eighth of an inch of mercury column (representing 
a fairly high vacuum) the gas pressure in an operating 
quartz lamp may be that of atmosphere or even higher. 
The result is that it requires a much higher voltage per 
lineal inch of tube to operate the new lamp, and accord- 
ingly the tubes are made very short. The temperature 
of the luminous vapor in this lamp .is extremely high 
(7000 deg. C.). An ordinary glass tube would be easily 
melted, so special tubes made of pure fused quartz 
which requires the oxyhydrogen blow pipe to fuse it are 
employed. 

Quartz has the peculiar property of zero temperature 
coefficient of expansion, so does not crack when heated 
suddenly ; it is fairly tough, and will withstand very high 
temperatures without melting, so is an admirable mater- 
ial for use in these lamps. The laborious process of 
fusing the pieces of quartz together, however, makes 
these tubes rather expensive. The form of the tubes 
is shown in the accompanying illustration and diagrams. 


Tube (t) forms the path of the luminous vapor and 


. terminates at the positive end in an enlarged bulb (p), 


and at the negative end in a large lateral tube (n). There 
is a small amount of mercury in each end compartment 
and this forms the two electrodes which receive the 
electrical energy through the small upright tubes S1 and 
S2. Rods of special alloy slightly conical in shape are 
ground into the walls of these upright tubes and the 
joints are covered with mercury, which in turn is closed 
in by a layer of suitable compound. This prevents the 
access of air when cold or the emission of gases from 
the interior, when operating at full temperature and the 
vapor pressure of the mercury is at a maximum. 


When a cool quartz lamp is first started the pressure 
within the tube is very low and accordingly there is a 
heavy current flow due to this low gas pressure. At this 
time the whole cross section of the luminous tube is 
filled with the pale blueish green light. Presently, how- 
ever, as the lamp warms up the appearance changes and 
the current falls off as shown in the diagram, Fig. 4. 
The voltage across the burner rises as the current falls. 
The light then begins to recede from the walls of the 
tube, and as the vapor pressure of the mercury increases, 
due to the increased temperature, it becomes concen- 
trated in the center of the tube in a small but brilliantly 
illuminated band of light. The light then assumes a 
white color and the increase in red and orange rays is 
clearly evident as the lamp attains its normal tempera- 
ture of operation. 

When the lamp is not in use the quartz tube is in- 
clined so that the mercury makes contact between the 
two electrodes and short circuits the burner. When the 
line switch is turned on this short circuiting current 
magnetizes the solenoid (m), which actuates the mov- 
able armature and tips the tube, breaking the contact 
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between mercury electrodes and striking the arc. As 
long as the lamp is in use the tube is held in this posi- 
tion, but upon switching off the light the tube is allowed 
to fall into an inclined position and mercury contact be- 
tween electrodes in the tube re-established. In order 


to avoid sudden shocks to the movable parts in closing 
or opening the circuit, an air dash post (d) is connected 
In order to 


to the armature of the operating magnet. 


? 
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but may be operated from an alternating current supply 
by using a rectifier. A small movable permanent magnet 
(p) is supplied for the purpose of automatically lock- 
ing the tilting device when the polarity at the lamp ter- 
minals is reversed, and so protects the burner against 
being ruined by a reversal of polarity. An inverted 
white enamel trough reflector is supplied which redirects 
the rays of light to a useful downward direction. This 


Lig. 1—The Locomotive Erecting Bay Under Daylight Conditions. 


maintain the current flowing through the tube at normal 
value a resistor is employed and also a series inductor 
the winding of the lifting coil (m) for steadying the 
arc. The quartz tube burner, the resistor, and the lift- 
ing coil (m) are all connected in series. 


Fig. 2. Diagram of 110 


2 Fig. 3. Diagram ‘of 220 
Volt 4 Amp. Lamp, 


Volt 3.5 Amp, Lamp. 
The lamp is made in both 110 volt and 220 volt types, 

which are almost identical in operation and design. It 

is intended for operation on direct current circuits only, 


intercepts all light above an angle of 50 per cent. from 
the nadir. Although the ultra violet rays of incandescent 
mercury vapor which are injurious to the eyes at close 
range are readily transmitted through the quartz tube, 
they are entirely intercepted by the common glass enclos- 
ing globe surrounding the tube. This a'so serves to pro- 


240 — 
220— 


200— 
180— 


160— 


BETWEEN_BURNER 


VOLTS 
8 
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Ri eer y eyo ae 2. 13 4 15 16a 
MINUTES AFTER STARTING 
Starting Characteristics of the Quartz Lamp. 


Fig. 4, 


tect the burner from a free circulation of air which might 
cool off the tube too rapidly and in lowering its tempera- 
ture, lower the vapor pressure within the tube and cause 
a corresponding increase in current flow. 


February, 1913. 


The temperature of.the thin luminous band of light in 
the center of the tube is estimated by various authorities 
at between 6000 and 7000 degrees C. This is far above 
any temperature ever obtained by any other means. The 
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When a lamp fails, however, it does not necessarily mean 
that the burner is entirely useless; this is often due 
simply to a loss of vacuum which makes it difficult to 
strike the arc, or to a crack in the quartz tube 


itself 


Fig. 5. 


temperature of an arc or electric furnace is limited by 
the temperature of vaporization of the carbon or other 
conducting material. In other words, as long as there 
is any solid or liquid matter present which can be vapor- 
ized, the temperature of the are will not rise above the 
temperature of vaporization of carbon. This is approx- 
imately 3600 degrees. 

In the case of the quartz tube lamp, however, where 
the arc is very much longer than the ordinary arc, and 
where the conducting material is vaporized mercury, the 


Fig. 6. 


The Quartz Tube Burner, 


heat due to the flow of electric current cannot be dissi- 
pated in volatilizing any solid matter, hence, the temper- 
ature of the vapor can rise to an exceedingly high value. 
This is probably one of the causes of the high efficiency 
of the quartz tube lamp. 

The manufacturers state that the experience of a large 
number of lamps now in service would indicate that the 
average life of lamps is between 3,000 and 4,000 hours. 


The Locomotive Erecting Bay 


Under Night Illumination, 


which is often easily patched, the burner repumped and 
made ready for service. Even when the burner is badly 
demonished, the pieces of quartz have a considerable 
scrap value. 


NEW TELEPHONE EQUIPMENT FOR 
ROCK ISLAND. 


The Chicago, Rock Island and Pacific Railway Com- 
pany recently placed an order with the Western Electric 
Company for apparatus to be used in extending its te'e- 
phone train dispatching circuits. The successful opera- 
tion of the present lines and the economy resulting 
therefrom have been the incentive for the extension. 

Two circuits are to be equipped. One is intended for 
train dispatching service and will be installed between 
Des Moines, Iowa, and Trenton, Missouri. The other 
will be used as a short haul talking and message circuit 
between Davenport, Iowa, and Rock Island, Illinois, in- 

cluding the yard district in the latter territory. The 
length of the line in the first named case is approxi- 
mately 110 miles, while the latter is about 5 miles. 

The new installation will consist of two complete dis- 
patcher’s equipments, twenty-one No. 102 type selector 
sets containing the standard Western Electric No. 50 
selector. The transmission apparatus at way stations 
will consist of the new self-contained, “folding-gate” 
No. 1048 type telephone arm. Miscellaneous equipment 
and line material is also being furnished. 
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Electrification of the Victorian Rys. at Melbourne 


Probably the most notable railway electrification pro- 
ject at the present time is that about to be undertaken 
in connection with the suburban steam railways of Mel- 
bourne, Australia. The advisability of the step has been 
under consideration for a number of years, and in 1908 
Mr. Charles H. Merz of the firm of Messrs. Merz & 
McLellan, Victoria street, Westminster, London, pre- 
sented a comprehensive report on the subject to the Vic- 
torian Railway Commission. In this report Mr. Merz, 
acting as consulting engineer on the scheme, went very 
fully into the whole question of the substitution of elec- 
tric traction on steam railways. 

Since that time a number of important railways have 
been electrified in all parts of the world, and experience 
has demonstrated the great advantages and economies 
which result from this mode of operation. In this par- 
ticular case, the rapid growth of the suburban business 
in and out of Melbourne was also a decisive factor that 
emphasized forcibly the need for electrification. Recent 
practice especially has shown that the adoption of the 
high voltage direct current system by a number of roads 
has resulted in eminently successful and exceptionally 
economical operation both for suburban and through 
service, ‘ 

In a later report, embodying a comparative analysis 
of the merits of both the single phase alternating current 
and high voltage direct current systems, based on the 
tenders submitted, Mr. Merz points out that the adoption 
of the high tension direct current system for this appli- 
cation would mean a saving of about $3,500,000, or 
nearly 30 per cent., in the cost of installation over that 
of the single phase system. Accordingly, in view of this 
initial saving and a further operating economy, as indi- 
cated by Mr. Merz, of about $350,000 per annum, or 
nearly 28.per cent., he recommended very strongly the 
adoption of the high tension direct current system for 
the Melbourne railways, and the Victorian Government 
accepted his recommendations. 

Melbourne, the capital of the State of Victoria, is sit- 
uated in the southern part of eastern Australia on the 
Yarra River, eight miles from its mouth at the head of 
Port Philip. The river is accessible for vessels drawing 
22 feet of water, and all larger vessels are easily ac- 
commodated at Port Melbourne in Hobson Bay. Along 
the river are large docks, shipyards, foundries and man- 
ufacturing plants representing a number of industries. 
The city has a population including its suburbs of over 
half a million, and is the most important municipality 
and the greatest trade emporium in Australia. 

The electrincation of the Melbourne Suburban Rail- 
Ways is of exceptional interest because it will be one of 
the largest projects of its kind in the world, involving 
heavy rolling stock equipment with overhead collectors. 
The magnitude of the undertaking from the standpoint 
of equipment and service may be compared with that on 
the third rail electrified section of the New York Central 
Railroad out of New York City, and ranks with the Oak- 
land, Alameda & Berkeley electrification of the Southern 
Pacific Railroad at San Francisco. 

Naturally, the great size and tremendous importance 
of the project attracted world-wide competition, and 
among the leading manufacturers of electrical apparatus 
submitting tenders are included the Allgemeine Electrici- 
taets Gesellschaft, Berlin: British Westinghouse Co., 
Manchester; Dick Kerr & Co., Ltd., London: Ferranti, 


Ltd., Hollinwood; Siemens Bros. Dynamo Works, Ltd., 
London; General Electric Company of New York, and 


others. After an exhaustive study and consideration of _ 


the relative merits of the several propositions, Mr. Merz 


approved in his report the recommendations of the Gen-_ 
eral Electric Company of New York as to choice of sys- 
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tem and economical features of operation, and the Vic-- 


torian Government. awarded this Company the contract 


for the rolling stock apparatus equipment, comprising — 


400 motor car equipments, consisting of four motors 


each; 800 control equipments, 400 of which are for 


trailer cars, and 400 air compressor equipments. This 


is the largest single order ever placed for electric rail- 


Way apparatus. 
The mileage of the suburban lines included in the 


scheme is made up of 150 route-miles, or 289 track-miles — 


of running roads, and 34 miles of sidings. The poten- 
tial selected for this direct current system is 1500 volts. 
Power will be supplied from a central station at Yarra- 
ville, a suburb of Melbourne, in the form of three phase 
alternating current at 25 cycles per second and will be 
transmitted at 20,000 volts to twelve sub-stations at vari- 
ous points on the system, where it will be converted into 
the operating direct current of 1500 volts. The high 


tension transmission is by underground cables ‘from the 


power house to the important sub-stations in the central 
area, and by overhead wires erected on the same struc- 
tures which carry the railway track conductors to the 
outlaying sub-stations. Overhead conductors will be 
used throughout the system for supplying current to the 
trains, which will be equipped with roller pantograph 


collectors. The complete equipment of the railways in- 
volves the expenditure of 


will amount to about $600,000 in 1915 over the former 
steam operated lines. 

Normal trains, weighing about 180 tons, will consist of 
two motor coaches and two trailer coaches. The tracks 
are 5-ft., 3-in. gauge. The suburban traffic amounted to 
70,000,000 passengers in 1908; the figure the past year 
exceeds 90,000,000; and in 1917, when it is expected 
that the conversion to electric operation will be entirely 
completed, it is estimated that the suburban lines will 
carry 150,000,000 passengers per annum. The present 
plans are accordingly based on provision for this prob- 
able increase in the passenger traffic ; but all parts of the 
electrification scheme are arranged so as to be capable 
of extension from time to time, as the traffic subsequently 
grows. Handling heavy 
morning and evening will be provided for by increasing 
the length of trains, although for this initial service it 


is the intention to have the maximum train consist of six - 


coaches. 


The method of self-ventilation which wil] 


ated in the design of these motors wil] assure exception- 
ally effective and uniform cooling, 
plished by a broad-bladed centrifugal fan cast integral 
with the pinion end armature core head. Fresh air is 
drawn into the interior through a screened opening on 
the upper side of the motor frame at the pinion end. 
This is circulated over the armature and field coils, under 
and through the commutator, through longitudinal holes 
in the armature core, and thence exhausted to the exter- 
ior through openings in the pinion end bearing head. 
Scientifically correct in principle, this method of ven- 


i 


traffic during the rush hours of — 


be incorpor- 


This will be accom-— 


c $12,000,000 in round numbers, — 
and Mr. Merz figures the saving of electric operation 


: 


j February, 1913. 


j 
f 


7 eliminating the possibility of “hot spots.” 


tilation has been demonstrated through service tests to 
be the most successful manner of securing evenly dis- 
tributed cooling; for without complication it circulates 
effectively a large volume of cool air throughout the 
motor and keeps all parts at a uniform temperature, 
The service 
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Fig. 1. The Suburban Railways of Melbourne to be Electrified. 


capacity of the motor, due to its ventilation, is rendered 
much greater than that of an ordinary motor of the same 
nominal rating. At the same time the weight per horse 
power is greatly reduced without sacrificing mechanical 
strength, durability or electrical efficiency. 

The service on the lines calls for both local and ex- 
press schedules. The motors will therefore be arranged 
for tap field control, which will allow a free running 
speed of 52 miles per hour over level track for the sub- 
urban cars and express runs. This method of auxiliary 
control was introduced by the General Electric Company 
a number of years ago, but due to commutating limita- 


tions of earlier motors, it was eventually abandoned. Its 


successful application to commutating pole motors is 
therefore modern. 


RAILWAY ELECTRICAL ENGINEER 


265 


The GE-237 direct current motor selected for these 
equipments is designed especially to obtain low energy 
consumption. This comparison of energy consumption 
is included in Mr. Merz’ report in the number of kilo- 
watt-hours required by a four-coach train making a 
round trip between Sandringham and Broadmeadows. 
tased on the several manufacturers’ guarantees, Mr. 
Merz arrives at an economy of 23 per cent. in energy 
consumption in favor of the high tension direct current 
equipment, 

Other points that were brought out as being adverse 
to the single phase system for this application might be 
mentioned: as follows, slightly reduced seating capacity 
of the trains on account of the extra amount of room 
required by the single phase equipments; the extra wear 
on the track rails due to the extra dead weight of the 
single phase motors, and the extra amount of spare plant 
required in connection with the single phase scheme on 
account of the greater complexity of the equipments. 
As we have indicated, Mr. Merz estimated that the an- 
nual operating cost of the single phase system would be 
about $350,000, or nearly 28 per cent., more than for the 
direct current system, and he also came to the conclusion 
that the latter system would show an increasing advant- 
age over the single phase system as the traffic becomes 
greater year by year. 

Electrification of steam roads both here and abroad 
has emphasized the fact that the conversion to electrical 
operation is always accompanied by a faster and more 
frequent train service, and because of greater conveni- 
ence, comfort and cleanliness, a general improvement in 
suburban traveling conditions, while the reduction in 
working cost and the increased earnings of the line com- 
bine to produce larger profits. 


AN EXTRAORDINARY SHIPMENT OF ELECTRIC 
LOCOMOTIVES. 


Recently an interesting sight was the shipment of ten 
electric locomotives in the same train across the Alle- 
ghanies from Philadelphia to East Pittsburgh. These 
locomotives are the last ten of an order of thirty-nine, 
for the N. Y. N. H.& H. R.R., and were shipped to the 
Westinghouse Electric & Mfg. Company at East Pitts- 
burgh to be electrically equipped. 


A Shipment of Ten Electric Locomotives for the N.Y.N.H., & H.R.R. 


The principal advantages to be derived from tap field 
control are increased operating efficiency, continuous 
saving of power, ecenomy effected through decrease in 
the weight of the equipment and an increase in the serv- 
ice capacity. The practical effect of tapping the field is 
to eliminate one resistance step and to secure the desired 
accelerating effort throughout from start to full speed 
with a lower current input. 


The mechanical parts were built by the Baldwin Loco- 
motive Works. These locomotives are of the twin-motor 
articulated type and each is to be equipped with eight 
Westinghouse Single-Phase Railway Motors and unit 
switch control. 

Twenty-nine similar locomotives are built and building 
for the New Haven System. 
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Roller Bearings for Axle Lighting Generators 


Curt Langnickel. 


EDITOR’S NOTE. 

This is the second of a series of educational talks on the subject 
of anti-friction bearings written by certain authorities on this subject 
who are connected with some of the various bearing manufacturers. 


When the researches of Prof. Stribeck determined 
the laws of the anti-friction ball bearings, a form of ball 
bearing was ready and was at once appreciated by both 
the manufacturing and using engineers; and it was put 
into practical service at once, superseding all imperfect 
ball and roller bearing types existing at that time. 


The ball bearing was a long time finding its proper 
place and use; and during this time, many applications 
were made where the working conditions went quite be- 
yond the capacity of any possible type of ball bearing, 
so that failure and disappointment were sometimes ex- 
perienced. - 


The development of the roller bearing, with its 
unquestionably possible higher working range, was 
neglected for some time because the principles for a 
true anti-friction roller bearing were as little understood 
as had been those of the ball bearing before Prof. Stri- 
beck’s investigations. The Norma Compagnie,* G.m.b.H. 
of Cannstatt, Germany, however, took up the question 
of roller bearings and began a research into fundamen- 
tal principles, which established laws of roller bearing 
practice as definitely as had been previously laid down 
for ball bearings. The causes of the frequent failure 
of roller bearings previous to this were discovered and 
eliminated in the improved bearing. 

The lack of rigidity in machine frames and shafts, 
and the errors common in aligning during assembling, 
made the double line contact of the plain roller bearing 
problematical in most cases of application. The guid- 
ing or carrying of the rollers at their ends also resulted 
in their running out of parallel, otherwise known as 
skewing. It is not surprising, therefore, that the early 
roller bearings failed where it was the intention that 
they should have a performance superior to ball bear- 
ings. These conditions led the Norma Company: to 
develop a bearing with a self-aligning feature, safe- 
guarding against errors in application and use. 

This feature was obtained by providing slight free- 
dom for the roller ends to swing free by the reomval 
of light sections of material at both sides, still permit- 
ing the rapid expansion of bearing surface under load; 
and the “crowned” outer race resulted. It was also 
borne in mind that a roller bearing intended to carry 
many times the load of ball bearings under equal and 
even higher speeds must create no speed differences at 
the lines of contact. The importance of absence of 
speed differences may be illustrated in order to show 
that the Norma Roller Bearing is the most perfect anti- 
friction bearing possible. 

Reference to the diagrams herewith (Nos. 1 & 2) 
show how ball bearing principles and anti-friction bear- 
ing principles represented by curves of different char- 
acteristics compare in anti-friction qualities. In order 
to afford some standard of comparison, let us observe 
the characteristics of these curves in relation to an an- 
nular bearing system. It is indeed possible to devise a 
number of curves all alike in the fact that for a given 
depression or deformation “x” an equal length of con- 
tact “y” is produced. 


*Mr. BE. G. Hoffman, the inventor of the famous Hoffman ball grind- 
ing machine, was one of the founders of the Norma Compagnie. 
G.m.b.H., and it is this company that has developed the Hoffman ball 
grinding machines to their present state of perfection of precision, 


These two bearing principles here illustrated are 
identical in their unloaded state, that is, they have a 
point contact (the point contact being admitted for the 
sake of argument). The important thing is to know, 
how these different forms perform under heavy load, 
that is, when the length of contact is increased by local 
pressure. 


1G, H. 


Fignan 


Diagram of Rol- 
ler Bearing. : 


Fig. 1. Diagram of Ball 


Bigne2. 
Bearing, 


In all these bearing forms it is also to be understood 
that the shape of the rolling element is not sensibly 
changed by elastic deformation because of the greater. 
structural rigidity afforded by its form. The number — 


of rolling elements need not be taken 
into consideration, as they refer only 
to applications for specific pressures, 
—a point which will be mentioned 
later. 

In producing the elastic deforma- 
tion, it is important to observe wheth- 
er or no Z and Z, have different 
values. The construction in which 
Z—Z, is the one in which speed dif- 
ferences least result under pressure 
or load. It will be seen that in de- 
forming the curves A, which repre- 
sent a race in anti-friction bearings, 
Fig. No. 2 is the one in which the 
values of Z and Z, practically do not 
vary, thereby indicating that all 
points inside the distance “Y” have — 
equal speed and _ roll practically 
mathematically true. In Fig. 1, on 
the contrary, it is evident that a con- 
Section Through Siderable addition “W” is necessary 
in order to make Z==Z,. This addi- 
tion represents the percentage of sliding friction, differen- 
tiating the antifriction values in planes Z and Z,. For 
Fig. No. 1 it must be remembered that speed differences 
of the inner race must be regarded also, whereas the 
Norma Roller Bearing inner race has a long undisturbed 
line contact. It will be mentioned when treating the re- 
tainer why this contact is undisturbed. 

It is evident that in Fig. No. 1 additional load car- 
tying surface can come into engagement only under an 
increasing sliding friction; and that any effort to 
strengthen the ball bearing beyond the limits originally 
determined by Prof. Stribeck is at the sacrifice of anti- 
friction qualities, which means a shortened life. 

Every ball bearing represents a certain amount of 
working capacity, which can be brought to expression 
by more embracing races, higher loads and natural lim- 


Fig. 3. 
Norma Bearing. 


} 


February, 1913. 


itations in speed, or by less embracing races, lower loads 
and an equivalent increase of speed. 

Increasing speed in the first instance and load in the 
second will soon show the limitations of both applied 
principles. 

The resulting performance is in both cases approxi- 
‘mately the same value for equal sizes. This of course 
anticipates that material and workmanship are of equal 
quality in both cases. 
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ing sufficient to meet all errors in ordinary practice. 
This rocking or self-aligning does not interfere with 
perfect load carrying. A clearance of less than 1/2500 
of an inch plus the elastic deformation gives the neces- 
sary freedom. 

As the Norma Roller Bearing is not a thrust-taking 
bearing, nothing disturbs the rollers and the work per- 
formed by the cage is of the lightest character, simply 
holding the rollers at a fixed distance after engagement 


Fig. 4, Norma Roller Bearing with Inner Race and Rallers Removed from Outer Race. 


Fig. 2 is embodied in the Norma Roller Bearing 
and offers the hitherto unknown advantage of taking 
temporary overloads even beyond 50 per cent of the 
normal load rating, due to the rapid increase of surface 
under absence of friction. The normal rating of the 
Norma Roller Bearing is already twice the rating of a 
standard annular ball bearing of equal size; and there- 
fore these bearings have a working range three times 
that of the standard ball bearing. This overload is to 
be assumed in the form of heavy shocks and vibration. 

The Norma Roller Bearing is of the open type and 
‘permits the use of any desired number of rollers. For 
instance, the No. 412 size is equipped with twelve one- 
inch rollers. 

This extremely favorable number,,of rollers com- 
bined with the high degree of accuracy in manufactur- 
ing creates a condition under which the Norma Roller 
Bearing works under lower specific pressure than any 
ball bearing of corresponding size, hence the overload 
capacity. 

It was essential to produce short rollers on a com- 
mercial scale of a standard of accuracy equal to the 
famous Hoffmann steel balls, that is, rollers of true 
cylindrical shape, varying not more than plus or minus 
1/10,000 of an inch in diameter. 

It was understood that a roller of the Norma type 
would permit a more conclusive test against the pres- 
ence of slag veins or other defects in the material, 
which are difficult to detect in balls. Because’ of the 
hollow cylindrical form, a strong radial pressure on the 
roller will reveal any weakness of material. 

The inner system of the bearing, standing on the 


crowned outer race surface, will permit a slight rock- 


ceases. This conduct of roller and cage is of import- 
ance in connection with the positive safety of rollers 
against breaking. The rollers are guided under free- 
dom at their center with a minimum contact speed. The 
natural tendency to travel under least resistance makes 
them select the position in parallel with the axis of the 
inner cylindrical race, thereby escaping all tendency to 
skew. In addition, axial errors in machining and as- 
sembling are easily taken care of by the open type of 
this bearing and a thorough inspection is possible before 
mounting and, if desirable, during general car repairs. 

All these features of strength are believed by the 
Norma Company of America to recommend these bear- 
ings for use in axle lighting generator service. It is an 
ideal bearing for the taking of heavy and irregular belt 
pull and the shocks experienced in lighting generators. 
In application it can be advantageously used in connec- 
tion with a ball bearing, taking the thrust at the idling 
end of the generator. 


PROPER LAMP VOLTAGES. 
This is the title of a new bulletin issued January lst 


‘by the Engineering Research Department of the Na- 


tional Electric Lamp Association. The bulletin deals 
with those technical relations between line voltage and 
lamp voltage, upon which depends the selection of a 
proper lamp for any circuit. An incandescent lamp 
consumes its rated wattage, gives its rated candle power 
and lives its rated life only when supplied with current 
at a voltage equal to the rated voltage of the lamp. 

This bulletin has much information of technical value 
on this broad subject. 
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The Telephone Fire Alarm System 


Dard D. Gee. 


The fire alarm system of a railroad shop is of grave 
importance and oftentimes the safety of the entire shop 
depends upon its successful working. The following is 
a desription of a telephone fire alarm system operating 
in Rochester, N. Y., and at present being installed in a 
number of western cities by the American Telephone 
Fire Alarm Company of Chicago. 


General Description. 

This system is designed to provide means in case of a 
fire for the prompt transmission of code signals over 
ordinary metallic telephone lines to the telephone central 
office and thence to fire headquarters. 

It gives the exact location and nature of the building 
from which the alarm is being sent, enabling the attend- 
ant at fire headquarters to intelligently despatch the 
necessary fire fighting apparatus. 

The instruments which are furnished at each build- 
ing consist of small metal boxes containing special push- 
buttons and a box containing a special form of transmit- 
ter. In residences there is but one signal station in- 
stalled, the push button and the transmitter are com- 
bined into a single instrument. In factory equipments, 
relays, gongs and annunciators are also employed. A 
hammer attached to each box affords means of breaking 
the glass protecting the push-button. 

The system therefore, may be used either with one 
signal station in a building with a multiplicity of such 
stations, from any one of which signals may be sent 
over the outside telephone lines. The first of these 
adaptations will be referred to as the Single Station 
Equipment, and the second as the Shop Equipment. 
Each adaptation may be used on either manual, auto- 
matic or magneto telephone systems. 


Single Station Equipment. 

Upon the operation of the manual box bridged on a 
telephone line connected with a common battery manual 
telephone exchange, the call comes in to the telephone 
operator with a flashing signal. The telephone operator 
answers the call and upon doing so receives a distinctive 
bell signal which cannot be misunderstood. This denotes 
a fire alarm call. The operator withdraws the answer- 
ing plug and inserts in this line the special fire plug, 
thereby connecting the fire alarm call to the register 
circuit, the registers being located at fire headquarters 
and upon the telephone chief operator’s desk. The 
registers and tapping bells at both fire headquarters 
and chief operator’s desk in telephone office are in ser- 
ies, the circuit using the telephone exchange storage bat- 
tery and being under a small current test at all times. 
Two Alarms at One Time. 

When a telephone operator inserts a fire plug, in the 
telephone line from which the first alarm is received, all 
other fire plugs on the switchboard are automatically 


switched to a second register circuit, the register being 


located at the telephone office. 
cuit 1s tested twice daily. 
Shop Equipment (Normal Operation.) 

In shop installations the building is equipped with 


manual stations, any number installed on each floor as 
desired. 


One transmitter box is used and a separate circuit for 
the manuals for eachi floor, all circuits being common 


This second register cir- 


to the transmitter box. By means of test relays this en- 
tire circuit is kept under constant test. Included in -this 
circuit is an annunciator showing each floor. A relay 
operates the loal fire alarm bell circuit, bells being rung 
at the annunciator and upon each floor of the building, 
if desired, upon the operation of any manual station. 
Fire Drill. 

A fire drill is provided by having all fire alarm bells 
sounded, giving a code signal. This usually consists of 
four strokes denoting fire. This signal may be given by 


Fig. 1. 


Interior of Transmitter. 


someone in charge as a test fire drill, being operated in- 
dependently of the fire alarm system. These bells are 
also controlled by a mechanism which operates with the 
fire alarm transmitter when any normal box is operated 
in the event of fire. If desired, the location of the fire 
in the building may be given by code signal. 
Thermostats. 

Any standard type of open circuit thermostat may be 
used in conjunction with this system. The usual plan 
1s to have them connected in pairs, one set at 120 degrees 
Far., and the other at 160 degrees Far. A rise in tem- 
perature sufficient to operate the first thermostat would 
give a local alarm in the building notifying the attend- 
ant. A further rise in temperature would operate the 
other thermostat of the pair ringing the local alarm 
bells operating the annunciator and sending in fire alarm 
call to fire headquarters. 

Sprinkler Alarms. 

Connection may be made to the gate valve alarm on 
a sprinkler system so that in the event of a sprinkler 
head being operated, in addition to giving the local alarm, 


the fire alarm call would be transmitted. 
Trouble Signals, 


_ These are provided for only in the shop equipments, 
since only in this type of installation is there any inter- 
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ior wiring at the building other than the ordinary tele- 
phone lines. 

The circuit in the building is normally closed and 
gives immediate signal upon the appearance of trouble, 
viz., a break in any portion of the circuit, a ground on 
either side of the circuit or failure of the gravity bat- 
tery. 
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Single Station Set. 


This trouble signal consists of a local trouble bell at 
the building, and in addition to this local alarm a dis- 
tinctive signal is transmitted over the telephone line to 
the operator. 

The telephone trouble signal consists of a vibrating 
electro-magnet which is bridged across the telephone 
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Master Box, and Panel Where More Than One Station is Needed. 
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line by either test relay. The trouble alarm cuts off the 
subscriber’s telephone and sends in the trouble signal to 
the telephone operator, and remains operative until the 
trouble is remedied. ‘The telephone line battery is used, 
thus eliminating any chance of its non-operation due to 
failure of the local battery. 


Transmission of Fire Alarm While Factory System is in 
Trouble. 


One ground on the building wiring has no effect upon 
the operation of the fire alarm, but is immediately de- 
tected by the trouble signals and at Central office. 

A break in any part of the floor circuit does not ren- 
der the system useless, but simply sends in the trouble 
signals due to the operation of a test relay, which opera- 
tion also closes the circuit in such a way as to leave 
the system in condition to transmit an alarm should a 
manual station be operated from the circuit in which 
the break occurred. 

The release of the movement in the transmitter box 
in addition to sending in a fire alarm, automatically cuts 
off the trouble signal, should it be present and the tele- 
phone instrument also when an alarm is being transmit- 
ted, thus insuring the non-interfering with the fire 


a SS Se 


Fig. 4. Push Button Alarm, 


alarm due to the subscriber’s telephone being in use or 

a trouble signal being in operation. 

Telephone Central Office Arrangements on Manual Tele- 
phone Switchboards. 

One section of the telephone switchboard used for 
combination fire call and regular telephone business is 
equipped with fire plugs. These positions are operated 
by trained telephone operators. All telephone lines hav- 
ing auxiliary fire alarm system are transposed, being 
connected to the regular telephone signaling equipment, 
of the fire call positions. This permits bringing all tele- 
phone fire alarm lines to one operator or set of operators, 
regardless of the subscriber’s telephone number or its 
former position on the switchboard. This is accom- 
plished by means of the wiring on the cross-connecting 
rack which is a part of the regular equipment of every 
manual telephone exchange, and by means of which tele- 
phone companies distribute the business of the exchange 
with regard to grouping of lines for different purposes. 
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The telephone wires are run from the telephone light- 
ning arrester directly to the transmitter box and through 
the cut-out in the transmitter box to the telephone, con- 
forming with the telephone specification work. In the 
telephone switchboard fire plugs are installed two to each 
section of the switchboard comprising three hundred 
lines. There is a direct talking circuit with signaling 
apparatus from the chief operator’s deck to fire head- 
quarters, in addition to the telephone fire alarm register 
circuits. 

Apparatus at Fire Headquarters. 

The apparatus at fire headquarters consists of a stand- 
ard punching register and a bell, both wired in series 
with the alarm circuit from the telephone central. No 
relays are installed at fire headquarters, but the coils of 
bell and register are connected directly into the fire 
alarm line, which is under constant current test. 

The receiving apparatus for chief operator’s desk at 
telephone central office consists of standard telephone 
relays and a standard form of punching register con- 
trolled by such relays. A tap bell is installed at the chief 
operator's desk and operates simultaneously with the 
register. 

Automatic Systems. 

Where this system is installed in connection with the 
automatic or so-called. Strowger type, the wiring and 
operation of the shop equipment is the same as described 
for manual systems. 

The connection to fire headquarters from the tele- 
phone exchange is made in an entirely different manner. 

A certain “level” in one of the switches is set aside 
for fire alarm service. To this “level” are connected one 
or more repeaters, a fire alarm trunk to fire headquarters 
being connected to each repeater. The fire alarm trans- 
mitter at the “risk” in addition to the code box number 
wheel has a second wheel which is designed to send cor- 
erct series of impulses to step the various selector 
switches to build a trunk connection to the fire alarm 
repeater. The further operation of a fire alarm trans- 
mitter sends in four rounds of the box, then clears out 
the entire trunk connection, restoring the suscriber’s 
telephone to service.’ The entire operation is then re- 
peated, the second call being but a confirmation of the 
first. Fifteen seconds after the fire alarm transmitter 
is put in operation, the box number is reported on the 
register at fire headquarters. 

Should the telephone line be in use at the time the 
fire alarm box is operated, the connection is automatically 
cleared out, the box taking possession of the telephone 
line to send in fire alarm call 
Magneto Telephone Systems. 

For use in connection with magneto telephone sys- 
tems some additional equipment is provided in the tele- 
phone exchange. It may be arranged so that when a 
fire alarm box is operated the “drop” falls as in the 
manner of an ordinary telephone call, the further dis- 
position of the call being the same as described for man- 
ual common battery systems. 

Connection may be made in such a manner that the 
calls are automatically transmitted to fire headquarters 
without the assistance of the operator. 

For Private Branch Exchange Installations. 

Where buildings are equipped with private branch ex- 
change connections, that is, having a small telephone 
switchboard, the system may be arranged in the same 
manner as described for manual common battery tele- 
phone systems. Instead of installing the interior wiring 
system, it is entirely feasible to mount the regular single 
station type fire alarm transmitter in any preferred place, 
connecting to the nearest telephone line. Connection 
from the private switchboard can be made to the central 
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office and fire headquarters or to any other place where 
it is desired to have the fire alarm signals recorded. 

In a factory or shop equipped with a private branch 
exchange where no operator is ernployed during the night 
time, connections may be established at the branch ex- 
change so that an alarm being turned in from any fire 
alarm box would go directly over one of the trunk lines 
to the telephone central office. This connection also en- 
ables the watchman to telephone directly to the tele- 
phone central office from any section of the building thus 
equipped. | 
General Considerations. 

The use of a telephone circuit for fire alarm service 
makes possible the individual fire alarm station in every 
home, store or factory and in the event of a fire will be 
the means of saving much property by securing prompt 
assistance. In trying to telephone an alarm, numberless 
instances could be cited where it was impossible to learn 
the location on account of the exitement of the person 
trying to report it. Reliable statistics for the past five 
years show that in the United States more fire alarms 
are transmitted by telephone than in any other way. 


A NEW DEPARTURE IN SWITCHBOARD METERS. 
One of the elementary principles of scientific illumina- 
tion is that only those’ parts should be illuminated that 
are desired to be seen. This principle has been utilized 
in a uniform line of seven inch dial indicating switch- 
board meters recently placed on the market by the West- 
inghouse Electric and Manufacturing Company. 

A white mark on a black background is much easier 
seen than a black mark on a white background, and, — 
therefore, these meters are supplied with black dials, the 
markings on which are white. Their particular field of 
application is in installations involving poor natural or 


Comparison of Old Style and New Style Meter Faces. 


artificial illumination. A white object causes a certain 
amount of halation which makes the mark on it appear 
larger. It also tends to blur dark lines on white dials; 
and, as the eye tends to adjust itself to this condition, a 
certain amount of eye strain is found to result. Since a 
lens cannot adjust itself to such varying conditions, the 
photograph reproduced in Fig. 1 shows the black and 
white dial meters under identical conditions of illumina- 
tion, and from which it is an easy matter to determine 
the relative readability of the two types. Every possi- 
ble precaution was observed during the taking of the 
photograph to insure an exact comparison, and the view 
well illustrates the difference in favor of the black dial. 
In actual switchboard practice, the pilot light would be 
equipped with a reflector but the comparative effect 
would be the same. 

So popular has this new feature been since its intro- 
duction that a number of large operating companies have 
ordered the meters on their boards to be so equipped. 
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M. & E. T. Ry. Shop 


The repair shops of the M. & E. T. R. R., are located 
in the town of Marshall, Texas, and are a typical example 
of the small railroad shops using electric drive through- 
out. The railroad lies in eastern Texas and serves 
a cotton and lumber district lying within 18 miles east 
and 74 miles west of Marshall. 

There are two main buildings comprising these shops, 
both of reinforced concrete, one being ja combined 
machine and blacksmith shop 250 ft. long by 40 ft. wide, 
and the other the wood working shop 75 ft. long by 25 
ft. wide. The machine and blacksmith departments are 
separated by a wall, the machine shop being 150 ft. long 
and the blacksmith shop 100 ft. long. Power for oper- 


ating these shops is supplied by the Arkansas Ice and 
Coal Co., Marshall, Texas, and comes in over a three 
phase, 60 cycle, 1100 volt line to three 15 K. W., trans- 
formers. These transformers are connected in delta and 
give 220 volts on the secondaries for use in the shops. 

All motors used here are standard Westinghouse, 3- 


1 12” two wheel emery grinder. 
1 24” back geared crank shaper. 
1 36” Clevelander planer. 
1 3%” portable drill, 220 volt, single phase. 
Also, a 914” Westinghouse air pump, steam driven. 


Blacksmith Shop. 

The blacksmith shop contains four fires and is used 
for a part of the boiler work. The main line shaft here 
is driven by a 10 H. P. 1740 R. P. M., motor and drives 
all of the machine tools, as follows: 

1 30” cupola blower (to have separate motor later ) 
1 2” single head bolt threader. 

1 flue welder. 

1 combination punch and shear. 

1 6” straight rolls. 

Also, one 800 lb., steam hammer. Both the hammer 
here and the air pump in the machine shop receive their 
steam from an old locomotive boiler which has been set 
up for this purpose. 


Fig. 1. Interior of Machine Shop. 

phase, 60 cycle, 220 volt induction motors and are 
equipped with auto-starters and oil-switches with over- 
load release coils. Owing to the operating conditions, 
no provision has been made for artificial lighting. This 
is an exceptional case and is worthy of notice, because. 
railway shops generally want every provision made for 
getting out work in a hurry regardless of working hours. 


Machine Shop. 

There are three pits in the locomotive machine shop, 
one of which is arranged for dropping the wheels, and 
benches are arranged along the walls as in other shops. 
The natural lighting is very good, even on cloudy days, 
so the absence of electric lights causes no delays. All 
machinery is driven from a single line shaft operated by 
a 30 H. P. 1740 R. P. M., motor, the equipment being 
as follows: 

1 36” x 14’ Schumacher and Boye engine lathe. 
1 18” x 10’ Schumacher and Boye engine lathe. 
1 18” x 10’ Hill and Clarke engine lathe. 

1 72” Niles-Bement-Pond wheel lathe. 

(This lathe is equipped with bracket for motor later). 
1 32” standard drill press. 


Fig. 2. Interior of Blacksmith Shop. 


Wood Working Shop. 


The wood mill is well ventilated and lighted, the line 
shaft is driven by a 20 H. P., 1/40 R. P. M., motor, 
and the machinery includes the following wood working 
tools: 

1 Fay and Egan No. 1 rip saw. 

1 Fay and Egan No. 58 band saw. 

1 No. 114 combination mortiser and boring machine. 
1 24” cut-off saw. 

1 48” grind-stone. 


During the three years these shops have been oper- 
ating there have been practically no troubles with the 
electrical equipment, thus adding further proof that 
electrically operated shops are absolutely dependable. 
The only things requiring attention have been the re- 
newal of a few contact points in some of the motor start- 
ers and the replacing of one lining in a motor bearing. 
This makes the upkeep per motor pretty near zero. 

In conclusion, the writer desires to thank Mr. H. L. 
Flint, of the Arkansas Ice and Coal Co., for his kindness 
in supplying the data from which this article was written. 
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LESSON NO. 13. 
Axle Lighting 


GOULD TYPE K. and L. EQUIPMENT. 

This equipment has many distinctive features which 
are both unusual and very interesting to the student of 
railway car lighting. An electrical pole changer is pro- 
vided which maintains proper polarity of the generator 
and the output of the generator is regulated by means of 
a small auxiliary armature placed in the field circuit. 
This auxiliary’ generator is mounted right on one end 
of the generator shaft, so rotates at the same speed as 
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Fig. 62. 


the generator at all times. This armature operating in 
the generator field circuit in opposition to the voltage 
developed by the generator, reduces the generator field 
current to compensate for the rise in generator speed 
above cutting in speed so that the generator voltage is 
thus rendered entirely independent of train speed. 

Also in the pole changer, we find an entirely new fea- 
ture in that instead of its being operated mechanically 
as is usually the case in axle equipment operation, it 
operates electrically and is controlled in its operation by 
the same auxiliary armature that controls the generator 
voltage. 

This small auxiliary generator mounted in the genera- 
tor shaft performs then the triple function of :-— 

Ist. Initially exciting the main generator in the re- 
quired direction. 

2nd. Controlling the action of the pole changer in 
making the proper field connections. 

3rd. Regulating the output of the main generator 
during speed variations by supplying in the field circuit 
of the generator, a counter electro-motive-force, varying 
with the speed changes in proper degree. 

Referring to the series of diagrams, Figs. 63 to 68, 
the operation of the equipment may be followed. 

Fig. 63. Generator at Rest. When the generator is 
at rest the automatic switch is open and a small amount 
of current circulates from the battery through a resist- 
ance and energizes the field coils of the auxiliary arma- 
ture, making connection back to the battery negative 
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through the dead armature wires of the main generator. 
Since the main generator is at rest, however, there is no 
voltage developed in its armature and it becomes a sim- 
ple copper conductor for this low exciting current. The 
connections of this exciting circuit will be best under- 
stood if we simply consider this winding as connected 
right across the main contacts of the automatic switch. 
When the switch is open battery will force a small 
amount of current through this circuit, but when the 
switch closes, due to the rise in generator voltage equal 
to battery voltage, the automatic switch short circuits the 
windings of this small shunt field. Moreover, as the gen- 
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Wiring Diagram of Gould Type “K and L” Equipment. 


erator voltage is building up it opposes the flow of this 
current through its armature and gradually reduces the 
excitation of the auxiliary machine. Or, in other words, 
as the generator voltage rises to normal value the voltage 
developed in the auxiliary armature falls off to zero 
value; so at the cutting-in speed when the automatic 
switch operates, the generator is operating as a simple 
shunt machine. 


Generator at Rest. 


Fig. 64. Generator Rotating. Low speed left hand 
direction. The shunt field of the auxiliary machine is 
already excited by the battery, so as soon as the genera- 
tor begins to revolve, it will set up an electromotive 
force in the armature of the auxiliary machine which 
will circulate a mild current through the main field coils 


Fig, 63. 
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‘of the generator and also through the center coil 
of the pole changer. This excitation of the main machine 
will cause it to build up early and circulate a compara- 
tively strong current through the outer coils of the pole 
changer. The action of the currents in the two windings 
‘of this device causes a movement in a direction to com- 
‘bine the two local circuits into one circuit in which the 
‘same direction of current is maintained as was initially 
‘set up upon rotation of the armatures. In other words, 
‘the pole changer rearranges the connections in such 
manner that the united voltages of the two armatures in 
series are impressed across the main field winding when 
pbuilding up. j 

As ordinarily understood, the pole changer does not 
actually transpose any connections to cause a reversal 
of field, but simply establishes the proper connections to 
maintain the exciting current in the direction initially 
determined by the direction of rotation of the auxiliary 
armature. In the true sense, therefore, this auxiliary 
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Fig. 64. Generator Rotating at Low Speed, Left Hand Direction. 


machine is the actual pole changer. As a matter of fact 
the pole changer, once operated, will maintain its posi- 
tion whether running or at rest, until the direction of 
car motion be reversed. 

Immediately upon actuation of the pole changer the 
generator builds up and operates as a true shunt ma- 
chine, the main armature furnishing the substantial ex- 

citation and, upon attainment of sufficient speed and 
voltage, the automatic switch closes and connects the 
battery and external circuit across the generator. 

| Fig. 65. Generator Operating. Left hand direction. 

' The field pole changer has now operated and the auto- 
matic switch closes as outlined above. As the train speed 
rises the generator will cause a charging current to flow 
into the battery, but a certain portion of this current will 
flow through the heavy winding of the auxiliary ma- 


. Generator Operating Left Hand Direction, Automatic Switch 
Closed and Field Pole Changer Operated. 
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chine. The magnetism of this current is opposite to that 
generated by the original exciting current, so the polar- 
ity of the auxiliary armature now becomes reversed. 
This opposes the flow of the main generator field current 
which passes through the armature of the auxiliary ma- 
chine and reduces this generator field current slightly. 
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Fig. 66. Generator Operating, Right Hand Rotation. 


Continued increase of speed will be followed by in- 
crease of current into the battery and increase in buck- 
ing voltage of the auxiliary machine, until finally such a 
value is reached that the magnetising effect of the heavy 
winding will establish a counter E. M. F. in the auxiliary 
armature in the correct proportion to compensate for 
rise in generator speed. 

The current will rise to such a value at any speed that 
the opposing voltage produced by the auxiliary machine 
in the main field circuit will bring the excitation of the 
main machine to a value just necessary to generate the 
output for which the system is adjusted. 

Fig. 66. Generator Operating. Right hand direction.. 
When the train starts on return trip, the equipment 
builds up just as explained in the first two paragraphs. 
of this series, except that the magnetism of the center 
coils will be developed in the reverse direction and this 
will reverse the connections through the pole changer. 

Fig. 67. Zero Charge. Relay Operating. After the 
equipment has been on the road for a sufficient length 
of time for the battery to become fully charged, the 
charging voltage of the generator will have risen to ap- 
proximately 85 volts on a 60-volt equipment, 42 volts on: 
a 30-volt equipment, and at this point the storage bat- 
tery is approximately in a fully charged condition. 

The zero charge relay is a coil of fine wire placed 
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Fig. 6%. Zero Charge Relay Closed. 

across the generator terminals and so adjusted that it 
will operate at the above mentioned voltage when the 
battery becomes charged and re-establishes the circuit 
through the fine winding of the auxiliary machine field. 
This current flows in the opposite direction from that 
when originally exciting the generator, and the magnet- 
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ism of this field coil combines with that of the main gen- 
erator current flowing through the heavy coil of the 
small machine and increases its bucking voltage. This 
cuts the generator voltage down to such a value that the 
storage battery simply floats across the line and receives 
little or no charge. 

The regulating function of the battery current through 
the series coil of the small machine, however, is still re- 
tained, and the equipment operates, in every other re- 
spect aside from the battery charge, as if normal condi- 
tion prevailed until the voltage of the generator caused 
by slowing speed, falls below a certain value, which 
causes the relay to open and normal conditions of the 
equipment again prevail until the battery voltage again 
rises to 85 volts when the “zero charge” relay will again 
operate. 

Adjustment. 

The equipment is really a very flexible one in so far as 
the adjustment of the generator output and battery charg- 
ing rates are concerned. By a proper manipulation of the 
adjusting shunts as shown, Fig. 62, the equipment may 
be made to operate either on a principle of battery cur- 
rent regulation in which the battery is charged entirely 
independent of the number of lamps in service and the 
generator output varies with the varying lamp load; or 
it may be made to operate on a principle of constant 


CKeFoVore 


Fig. 68. Circuits Through Lamp Regulator and Multiplier. 
current regulation in which the generator output is main- 
tained constant irrespective of lamp load, and, accord- 
ingly, the battery charging current varies inversely with 
the number of lamps in use; or it may be made to oper- 
ate on a combination of the two types of regulation in 
any desired ratio, thus providing that the generator load 
increase somewhat with an increase of lamp load, but 
not in direct proportion to it, and that the battery cur- 
rent decrease somewhat as the lamp load is increased, but 
similarly, not in direct proportion to it. 

This last adjustment, involving a combination of bat- 
tery current and constant current regulation, is of real 
merit in the operation 0 faxle equipments, for while it 
retains the good feature of the battery current regulator 
in providing a moderate charge of the storage battery at 
all times, it also retains something of the excellent gen- 
erator load factor experienced in the operation of the 
constant regulator. That is, the battery current de- 
creases as the lamp current increases and vice versa, 
thereby providing against an overload of the generator 
and at the same time providing a substantial generator 
load at all times. 


Lamp Regulator. 

The main regulator is of the carbon pile type as has 
been described in previous lessons. There is a lamp 
regulator multiplier added which is almost identical in 
design with that of the main regulator, except that it is 
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smaller in every detail. The object of this is to multiply 
the variations in voltage across the lamps and make the 
main regulator very sensitive. 
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The Multiplier for Lamp Regulator, 
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Fig. 69. 


The solenoid of the multiplier is placed directly across 
the lamp circuit terminals, and its plunger moves in 
accordance with the fluctuations in lamp voltage. A 
slight motion of the plunger changes the pressure on a 
pile of carbon discs, either increasing or decreasing the 
aggregate resistance of the pile as the lamp voltage goes 
above or below, normal value. 

The pile of carbon discs of the multiplier is connected 


Fig. 70. The Lamp Regulator, 

in series with the fine winding of the main lamp regula- 
tor, and the resistance of the carbon pile constitutes the 
major part of the total resistance in this circuit. When 
the lamp voltage is too high by even a slight amount, 
this will increase the pressure on the small pile of discs 
by increasing the magnetic pull on the iron plunger, and 
in so doing decreases the resistance of the multiplier car- 
bon pile. This decrease in resistance causes the current 
through the multiplier carbons and fine winding of the 
main regulator to increase by a comparatively large 
amount, and this increase in magnetizing current pulls 
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| up the plunger “C” with considerable force, releasing 
the pressure on the pile of heavy carbon blocks “M” 
which carry the lamp current. Loosening the pressure on 


these carbon blocks increases their resistance and cuts 


_ down the lamp voltage to a proper amount. 


The point of this all is that the multiplier is very sen- 


sitive to slight variations in lamp voltage, and causes a 
comparatively large variation in the carbon pile of the 
_ main regulator. 
_ is obtained, yet at the same time permits of heavy con- 
struction in the lamp regulator itself. 
comes to a stop the voltage falls slightly and the plunger 
+ €C” is allowed to fall down. 
- tween the points “E” and “F”’, short circuiting the carbon 


In this way a very sensitive regulator 
When the car 
This makes contact be- 


pile “M” through a very short pile “H”, which is of low 
resistance. This is provided so that there will be little 
or no resistance in the lamp circuit when standing in sta- 
tions and battery on discharge. 


Head End System 


NORTHERN PACIFIC RAILWAY EQUIMPENT. 


The management of the Northern Pacific Railway 
many years ago ruled that there must be storage battery 
auxiliary on every car of their headend trains operating 
through to the coast, so a battery of 60 ampere hour capa- 
city has been adopted for this service. Thirty-two cells 
are mounted on every car and these are so connected on 
the locker switchboard that under normal operation they 
are cut off entirely from the train line or lamp circuits. 
When the headend set is shut down at engine changes 
or for other causes, the brakeman throws in the battery 
discharge switch and the battery then lights the night 
circuit only. The idea of this is obviously to save on bat- 
tery discharge current. 

These batteries are charged during the daytime when 
the lights are off and when no damage will result from 
raising the train line voltage to full charging voltage 
of the battery. When a battery is placed on charge 
it is necessary to throw in the battery charging switch 
which connects the storage battery direct to the train 
line. 

Although this system may have certain advantages, 
providing possibly more reliable operation since it has 
a storage battery on every car, it would seem that the 
disadvantages of higher cost of maintenance and the 
fact that the train man must throw the battery switch 


before the storage battery current is available, would 


rather outweight its advantages. 

It certainly costs more to maintain four separate bat- 
teries of 60 ampere hour capacity than it does to main- 
tain a single battery of 240 ampere hour capacity; yet, 
the total capacity of the four 60 ampere hour batteries 
and the one 240 ampere hour battery is the same. Of 
course, with the Northern Pacific system where only 
a part of the lights are used when depending on the 
battery, the total battery capacity required will be only 
about %4 that necessary whien the full number of lamps 
are used during engine changes, etc. The general prac- 
tice in this country, however seems to be that there shall 
be no change in the amount of illumination provided 
within the car whether under normal conditions with 
the steam turbine set operating, or whether it be at en- 
gine change where the total lamp current is being sup- 
plied by the storage battery auxiliary. 


(Car Lighting Lessons to be Continued Next Month.) 


Practical Stunts 


We pay for ideas published in this section. ($1.) So send in your 
practical stunts and special kinks. Never mind about the fine English 
or diagrams, just a rough pencil sketch with the idea in your own 
words will do. 


New Saddle Iron Yoke. 

The spacing bars of a dynamo suspension often become 
worn, bent or broken so the welded yoke saddle iron as 
designed by the engineers of the Santa Fe will be of in- 
terest. This is shown pretty well in the accompanying 
illustration. The two saddle irons which are commonly 
held apart by the spacing rods of an ordinary suspension 
are solidly welded together at the proper spacing by a 3- 
inch piece of iron. A hole for a set screw is drilled and 
threaded on the outer face near the top. 

In mounting a generator this double saddle iron is 
thrown over the side irons and the generator with sus- 
pension loops set in place. In lining up the generator, 
the saddle iron yoke can be driven into place with a ham- 
mer and the set screw in each saddle iron clamps this so- 
lidly to the suspension side iron. If it becomes necessary 
to shift the position of these saddle loops, it is only ne- 


Saddle Iron Yoke in Position. 


cessary to loosen the set screws and drive it to proper 
position, when it can be again firmly clamped in place 
by the screws. S. W. EVERETT. 


Setting Automatic Switches. 


I have had reason on numerous occasions to suspect 
trouble with the auto-switch, and having no motor to 
operate the generator found by placing the battery on 
charge with the use of resistance could get a voltage 
range of from 33 to 36 volts taken across the battery 
terminals on the generator regulator panel. Then by 
disconnecting one lead of the lifting or shunt coil of the 
automatic switch and connecting this lead to a piece of 
solid wire (say No. 8) about three ft. long and with 
this pressing against the battery terminal on the reg- 
ulator panel, could adjust the automatic switch so as to 
pick up at proper voltage or near enough to insure the 
proper operation of the generator. If the lifting coil 
circuit were open this would be indicated by the absence 
of any spark on breaking contact at the battery terminal. 

On the Safety panel, as this generator has no exciter 
connection to the positive side of the battery, it will be 
necessary to disconnect top lead of lifting coil and touch 
positive battery terminal. On Bliss and Gould Simplex, 
as these generators have exciter connection, disconnect 
lower lead of lifting coil and touch negative battery 
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terminal, It is advisable to take the battery off charge 
and test to find if the automatic switch cuts in at less than 
32 volts, as in adjusting in this manner it is very easy to 


set switch to cut in at too low a voltage. 
W. B. Hoschke. 


A Home-Made Drinking Cup. . 
With the passing of many State laws abolishing 
the public drinking cup, the passenger and train men 
often find themselves with plenty of water but not a 
drop to drink, because they have no drinking cup. 


Diagrams for Making the Cup. 


Herewith, however, is a design submitted by Mr. W. 
L. Bliss by which any ordinary piece of paper, a time 
card being of about the right size, may be folded so 
as to make an excellent drinking cup. 


Automatic Switch Trouble. 

Had some trouble on one of our cars the other day 
which I believe will be of interest to the rest of the car 
lighting boys. 

The automatic switch plunger and tail rod were seri- 
ously burned, so I supplied new plunger and tail rod, but 
still got a heavy current through the automatic switch 
with both machine fuse and field fuse out of circuit. 

This trouble was found to be caused by two grounds, 
one on the lower left hand contact of the switch, and the 
other on the positive battery. The ground on the lower 
contact of the switch was due to a broken insulating 
bushing which allowed the screw to make contact on the 
frame of the switch. The other ground on the positive 
side of the line was caused by a bare wire in the junction 
box underneath the car. he 


Removable Frame for Steel Battery Boxes. 

With the new steel battery boxes it is found that 
grounds and short circuits appear more rapidly than 
with the old wooden type boxes. In many cases the 
steel battery boxes have been lined with wood and then 
painted with a tar paint. In spite of this grounds often 
develop and cause trouble, and it is very difficult to dry 
out the wood lining once it becomes soaked with acid. 

We have found that a removable latticed floor made 
up of inch strips a short distance apart can be readily 
removed, washed and dried or replaced by a new one 
on short notice where trouble of this nature develops. 

C..E. Singer 


Steam Trap for Turbine. 

The drip for he exhaust funnel of the turbine is 
usually carried down in a small pipe through the car 
floor, and in order to drain off the condensation which 
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might collect in the large exhaust pipe an additional 
drain pipe is tapped in at the lower elbow, so as to 
entirely drain the water out of the turbine exhaust line, 
There is a slight exhausting pressure at this point so a 
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Design for Steam Trap for Headend Turbine, 


hand cock has been usually provided to prevent a con- 
tinual exhaust of steam through this pipe. When this 
cock is opened, however, the exhaust steam’coming from 
this tap often is in such quantity as to obscure the view 
of trainmen in observing signals, so the accompanying 
design of a condensing trap will be of interest. 

Both drip pipes are run directly into this trap, which 
is simply a 6 in. pipe, 10 or 12 in. long, with a plug at 
each end through which the inlet drips and the outlet 
drips are tapped. The outlet pipes of the trap are shown 
in the accompanying diagram, but in order to prevent 
the water syphoning over and draining all the water 
from the trap, this pipe run is enlarged from a 34-in. 
pipe at the start to a 2-in. pipe, which prevents any 
syphoning—A. V. Westervelt. 


G. E. HAND BOOK ON INCANDESCENT LAMP 
ILLUMINATION. 

A vest pocket hand book, containing much informa- 
tion on incandescent lamp illumination, has just been 
issued by the General Electric Company. In view of 
the inability of engineering hand books and text books 
on illumination to keep pace with the rapid progress 
which is being made in the electric lamp industry, this 
convenient little reference book should prove of great 
value to all interested in the sale or use of lamps. It 
covers the subjects of photometers, illumination, calcula- 
tions, reflectors, general information on incandescent 
lamps, etc. 


C. A. LUCKEY JOINS EDISON FORCES. 
Mr. C. A. Luckey, well known among car lighting 
men, has recently joined the forces of the Edison Stor- 
age Battery Co., with headquarters at Chicago. 


~ February, 1913. 


A NEW VESTIBULE LIGHTING UNIT. 


The subject of vestibule lighting is one which, in the 
past, has by no means received the study which it de- 
serves. Adequate vestibule lighting has a most import- 
ant bearing upon the question of maximum safety to the 
passenger. Moreover, the attractiveness of the service 
is not a little influenced by the adequacy with which the 
coach vestibules are lighted. 

In vestibule lighting, the question of exact type of 


light distribution is one of secondary rather than of pri- 


mary importance. The four major requirements of this 
class of service are as follows: 

(a) The lamps should be screened from the eye to 
as great a degree as practicable, so as to minimize the 
blinding effect produced when the bare lamp filament 
comes within the normal field of vision. 


Fig. 1. The Vestibule Unit with Supporting Ring. 
¢ 


(b) The unit should be highly efficient in order to 
leave as much of the battery capacity as possible avail- 
able for the more exacting requirements of lighting the 
inside of the car, without at the same time sacrificing 
to any essential degree the adequacy of the vestibule 
lighting. ) 

(c) The satisfactory vestibule unit will be of such 
a character that it does not rapidly deteriorate in service 
and that it can be easily restored by cleaning to its full 
original efficiency. 

(d) The unit should have no parts to work loose in 
service, and should be of such a character as to be un- 
affected by moisture or even by water. 

_ Among the secondary requirements of vestibule light- 
ing, the following may be regarded as most important: 

(a) The unit should emit as much light as possible 
between 0° and 50°, measured from the nadir. In order 
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to reduce glare effect, it should emit as little light as 
possible above the angle of 50°. 

(b) The unit should be as small as compatible with 
the foregoing requirements in order both to avoid the 
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Fig. 2. 


bad appearance presented by an unduly large unit, and 
to insure adequate screening of the lamp without pro- 
hibitive over-all height of the unit. 

All the above requirements seem to have been met to 
an admirable degree by the unit shown in the illustra- 
tion. The unit is of a deep bowl type, thus insuring 
the first requirement expressed above (major require- 
ment a). Furthermore, the lamp sets sufficiently far 
back into the reflector portion of the unit so as to meet 
minor requirement a. The unit is of porcelain enameled 
metal, the porcelain enamel being of a very high grade, 
thus insuring an efficient unit, easily cleaned, and re- 
stored by cleaning to its initial efficiency. A water-proof 
receptacle is employed and there are no parts which can 
possibly work loose due to the vibration of service. The 
reflector is of small size (approximately 514” in diam- 
eter, the dimension of the vestibule reflector usually 
employed at present in Pullman car lighting), thus in- 
suring a neat appearance in the installation. 

The above unit is designed to be set up into the head- 
lining of the vestibule deck, preferably one unit being 
employed on either side over the steps. The unit is held 
in position by a separate supporting ring. This support- 
ing ring is of steel, and is covered with a coat of paint 
to keep same from rusting. It is intended that after 
installation this ring shall be given a second coat of paint 
of the same color as the vestibule head-lining. 

It is believed that the above type of unit will have a 
large field of usefulness, as it has been developed only 
after a very thorough engineering and practical study of 
the requirements of the service. 

The above vestibule lighting unit is one of the large 
number of special car lighting products which have 
been placed on the market by the Holophane Works of 
General Electric Company. It is sold by the above 
Company under the catalogue number No. 18415, which 
number includes the unit complete with supporting ring. 


Distribution Curve of Vestibule Unit. 
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The Five Essentials 


Columbia Mazda Lamps 


Drawn Wire Filaments 


The mechanical strength of the new 
Columbia Mazda Lamp has added greatly to 
its life. In addition it has increased elec- 
trical efficiency. We carry an immense 
stock of low voltage lamps for train lighting 
service as well as the standard sizes and 
styles of lamps for ordinary voltages. 


The Standard for Train Lighting 


Diehl Car Fans 


R 
Railway Car Service 


They are the best. When the man- 
ufacturers could no longer improve the 
motor they improved the base. These 
bases are of artistic design and may be 
permanently mounted in the cars. The 
Fan is easily and quickly removed 
without disturbing its base. No 
marring of woodwork—no loss of time. 


Ask for Additional Information 


Demand on all your orders QUALITY 
THE HOUSE OF SERVICE, carrying the 
or West. Prompt shipments are our 
ing catalogue, it will go to you for the 


Urutral Elect 


320-326 South Fifth Ave. The House 
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TRADE MARK. 


Standard of All Rubber Insulations 


Okonite insulation with its toughness, elasticity and high 
electrical resistance is always placed concentrically around 
the conductor. The result is a product absolutely dependable. 


Wire installed in railway cars should be the best. 
Okonite is made in one grade only—THE BEST. 


H 


D. c& W. Fuses 


The Standard by Which All 
Enclosed Fuses Are Judged 


Construction of link used in fuse in operating under severe conditions. 


D. & W. Fuses are scientifically designed with maximum service 
and a resultant minimum volume of metal for a given current value. 
This enables fuses of reasonable dimensions to meet abnormal conditions 
of overload. The fibre tubes are exceptionally strong. They are 
manufactured with steel reinforcing rings when necessary. 


Specify D. & W. Fuses and secure the protection you need. 


and SERVICE—then write us. We are 
largest stock of electrical supplies East 
specialty. If you have nof our big instruct- 
asking. Write for it on your letterhead. 


rir Company 


of Service CHICAGO, ILL. 
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LAMP OUTLETS FOR MAIL, BAGGAGE AND EX- | 


PRESS CARS, 

Specially designed conduit fittings for railway vars are 
still such a novelty that new patterns are of active inter- 
est to railway electricians and car builders. Below we 
illustrate and describe a few of the new railway condu- 
lets recently placed on the market by the Crouse-Hinds 
Company. These particular designs are for lamp and 
fixture outlets in mail, baggage and express cars, where 
the conduit is exposed. 

Types CLO and CLOC condulets, dead ‘end and 
through feed, respectively, are intended for center ceil- 
ing lights, and take round base fittings, notably Safety 
Car Heating and Lighting Co. combination shade and 
socket holder No. 8294 and, where a metal shade is de- 
sired, the Crouse-Hinds receptacle and shade holder 
equipment, consisting of shade and receptacle holder 


Through Feed Condulet Dead End Condulet Fixt- 
Fixture CLOC, ure CLO. 


SRH 2, receptacle C 337 and shade SH 25. The inside 
diameter of each condulet is 35¢ inches and the inside 
depth is 154 inches. The depth permits a special com- 
position terminal block (CF 101) to be mounted on two 
posts in the condulet and leaves ample space for slack 
in leads to the fitting and for the passage, under the ter- 
minal block, of wires of another circuit. 

Many railroads use the terminal block, as it elimin- 


Through Fee Condulet 


Terminal Block, 
Fixture DOBC. | 


ates the necessity of soldering joints and thus makes it 
an easy job to remove the fitting for refinishing. 

Types LOB and LOBC condulets differ from types 
CLO and CLOC, respectively, in only one way. Each 
of the first has four cast ears, pierced for fastening 


yes 
a lit ais sahonrnansasteon 


Deck Sill Fixture with 
Reflector. 


Feed Deck Sill 
Outlet. 


Through 


screws, projecting from the side that goes against the 
surface wired over, instead of the continuous flange that 
gives a more attractive appearance to types CLO and 
CLOC. Thus the fittings that are suitable for the latter 
DS ani are equally serviceable on types LOB and 


These four types of condulets make excellent water- 
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tight junction boxes for both inside and outside work, 
when used in conjunction with the special cast cover and 
gasket made for them. 

Types BLMA, BLMB and BLMC condulets are, in 
the order named, left, right and through feed deck sill 
cutlets for round base fittings—the same as fit types 
CLO, CLOC, LOB and LOBC condulets. 

Condulets of the BLM series, however, are too shal- 
low to take the terminal block. Their design permits 
these condulets to fit over the heads of rivets in steel 
cars, and the conduit to enter the hubs without being 
bent away from the car finish. 

The other types of condulets in this railway line in- 
clude designs to meet practically every outlet require- 
ment of the railway field. All are illustrated, listed and 
fully described in Condulet Bulletin No. 101, which, we 
are informed, will be mailed free by the Crouse-Hinds 
Company to all who request it. ; 


WIRE SKINNING PLIERS. 
A new ‘tool has just been placed on the market by 
Mathias Klein & Son, Chicago, which will be of special 
interest to all railway electricians. 


It will-be seen from the accompanying illustration that 
there are knives on both jaws for cutting the insulation 
while another knife splits the insulation lengthwise of 
the wire. The end of the jaws is well cross-hatched so 
as to provide a good gripping service for pulling off in- 
sulation. A sharp knife surface is also provided on the 
upper jaw as shown for scraping the wire if necessary 
and there is a slot with two different gages provided for 
bending loops in the ends of wire. The ordinary wire 
cutting jaws of common pliers are also provided back in 
the throat of the pliers. 

At the present time these special pliers are manufact- 
ured only in the size for use with No. 14 wire, but they 
will be found to be of special service where any amount 
of cutting and splicing of this size wire is necessary. 


GREATEST EFFICIENCY IN REFLECTION OF LIGHT 


This is the title of an industrial bulletin recently issued 
by the National X-Ray Reflector Co., Chicago, which 
shows the application of their mirrored reflectors in in- 
dustrial service. Copy of this bulletin will be sent upon 
ea to the National X-Ray Reflector Co., Chicago, 

S. 


DEVELOPMENTS IN THOMPSON ELECTRIC CO. 


‘The Thompson Electric Company of Cleveland, Ohio, 
has increased its capitalization from $10,000 to $50,000 
to provide for the increased business which this Com- 
pany is doing. 

Mr. A. J. Thompson, who is President of the Com- 
pany, is already well known in this trade. Mr. Charles 
E. Pope, Secretary and Treasurer of the Company, was 
formerly Mechanical Engineer with The National Mall- 
eable Castings Co. of Cleveland, and he will add strength 
to the organization. 
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Postal Car Illumination, 


The railway postal car undoubtedly presents one of 
the most difficult problems for proper illumination 
that is to be found in any branch of the art today. 
The close visual and rapid work which the mail clerks 
are called up to do continuously requires that a most 
effective system of illumination be installed. On the 
other hand, the peculiar construction of the postal 
car with its partitions and projecting overhead boxes 
militate against the most satisfactory operation of 
any lighting system. Up to recently there was very 
little data available either as to amount of illumina- 
tion required or as to the relative merits of various 
arrangements of different types of reflectors to pro- 
duce this illumination. A much similar situation ex- 
ists in other classes of railway cars, but the recent 
standardization of U. S. postal cars by the govern- 
ment railway mail service has made the postal car an 
especially favorable subject for a thorough investiga- 
tion along this line. 
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The Electrical Department of the Baltimore and 
Ohio Railroad have just completed a most compre- 
hensive series of tests and investigation of this sub- 
ject, as published in another part of this issue. These 
tests covered a period of several months and involved 
the services of not only a considerable number of the 
B. & O. staff, but numerous illuminating experts of 
several reflector, fixture and lamp manufacturing com- 
panies as well. This is without doubt the most com- 
prehensive investigation of an illumination subject 
ever conducted by any railroad, and the fact that they 
refer to a standard postal car, the construction of 
which will hereafter be the same on all railroads, 
makes these tests of particular value, in fact, of vital 
importance to the electrical department of every rail- 
road in the country. 

During the course of these tests practically all of 
the various commercial types of reflectors available 
were tested; so the results of these tests as published 
at this time contain much information of interest 
aside from their specific application to railway mail 
car service, in that they afford a fairly good compari- 
son of the various types of reflectors on the market 
today. 

For the thoroughness with which these tests have 
been conducted along broad engineering lines, in 
which neither time, trouble nor expense has been 
spared, and for their liberal minded policy in subse- 
quently making public such valuable information, the 
management of the Baltimore and Ohio Railroad and 
the various manufacturers assisting deserve the high- 
est commendation and praise. 


The Postal Car Layouts. 


As supplementing the information obtained in these 
tests and in reducing this information to a practical 
application, the series of layouts for the various types 
of postal cars as published in this issue which were 
designed by Mr. A. J. Sweet, who was actively asso- 
ciated with this work, will be found of special interest 
and value. 

We published in last month’s issue a set of lay- 
outs for 60 ft. and compartment postal cars and these 
are all re-published at this time in order to properly 
co-ordinate them with the other information now 
available. ‘These layouts are based strictly upon the 
information obtained in these tests, and as they have 
been designed by one of the foremost illuminating 
experts in the country, their accuracy and authority 
cannot be questioned. 


Portable Electric Tools. 


For small work there is probably no better method 
than to take the work to the tool, but there is a line 
beyond which it will pay much better to take the tool 
to the work. And this applies not merely to such tools 
as electric and pneumatic drills and hammers, but also 
to grinders, planers, slotters, large drills and tools of 
that class. 

The increasing use of iron floors in machine shops 
has helped considerably to bring this about. In fact, 
such floors or their equivalent are necessary to in- 
sure proper alignment of tools and work, and unless 
such alignment is obtained it would be much better 
to go to the expense of moving the heavy work to the 
tools. With iron floors the work can be bolted down 
true to the floor, and the floor then becomes a large 
face plate upon which properly prepared tools can be 
set for working on the parts to be finished. 


280 


This practice has been developed to the largest ex- 
tent by makers of electrical machinery and steam en- 
gines, but has much good in it which is worthy of very 
careful consideration by railroad shop engineers. One 
application would be to the slotting and drilling of 
side-frames for locomotives, moderate sized vertical 
planers and slotters and universal drills being now 
available for this purpose. These have electric mo- 
tors and controllers mounted on them, with long flex- 
ible cables and attaching plugs ready for connecting to 
convenient sources of supply about the shops. 

Small tools, such as electric drills, magnetic ham- 
mers, electric grinders and riveters, reamers, arc cut- 
ting and welding electrodes, heaters and numerous 
other devices, have been developed for this purpose 
and could and should be adopted to a much greater ex- 
tent than heretofore. We sincerely hope that more 
of the progressive men in the shops will take this 
matter in hand and give it a thorough trial, and re- 
port on their experiences. 


Reversing Motors. 


There is nothing new in the general idea of using 
reversible motors for driving machinery, nor is the 
reversing motor itself very new. But there are appar- 
ently “periods of fashion” in the mechanical and elec- 
trical fields, seasons when some old customs are re- 
vived and made over and used as though they were 
new. 

Fortunately, however, progress in the electrical in- 
dustry is very rapid, so, when some old idea is re- 
vived and “re-made,” in the light of present day knowl- 
edge and experience, it becomes to all intents and pur- 
poses a new proposition. The present revival of re- 
versing motors and their use in driving planers, slot- 
ters and other reversing tools is a good example of 
this, and in view of the rapid increase in the number 
of applications we feel it is worthy of comment. 

Take for instance the matter of reversing motors for 
planers. There is no doubt that the reduction in me- 
chanical attachments alone, such as countershaft, pul- 
leys, hangers and shifting levers, should cause such a 
feeling of relief to the maintenance department as to 
lengthen their lives. But, there is a much more import- 
ant phase of the matter to consider, and that is the 
economical—the effect on cost and quantity of pro- 
duction. 

Present day machine shop practice accepts a return 
speed of about 3 times the cutting speed as good for 
planers, hence any reduction of time spent in cutting 
will be a larger per cent of the total than a correspond- 
ing saving in the returning time. For instance, if the 
cutting speed in a given case is 25 ft. per minute and 
the return speed 85 ft., an increase of 10 ft. in the cut- 
ting speed (with same return speed) will show a net 
gain of approximately 20 per cent in total time per 
cycle, On the other hand, an increase of 10 ft. in the 
return speed (with same cutting speed) will give a net 
gain of about 3 per cent in total time, for the same con- 
ditions. 

Another advantage arising from the use of motors 
lies in the reduced power consumption. It is now well 
known that the condition of the belts, weight and 
speed of pulleys and their fly-wheel effect, etc., all 
show in the power bill as well as in production. With 
direct-connected, adjustable speed, reversing motors 
the speed is practically constant at all conditions of 
load, and the maximum cutting speed can be adopted 
and maintained independent of ordinary variations in 
hardness of the metal worked on. 

The same advantages apply in varying degrees to 
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the use of reversing» motors with slotters, shapers, key 
seaters and other tools requiring a reversal of move- 
ment, and also to lathes, boring mills, etc., when a cut 
of less than a complete revolution is to be made. So, 
in order to get this matter before our readers in satis- 
factory shape we will have an article on reversing mo- 
tors in our next issue. Such motors are made by sev- 
eral manufacturers and reference will be made to ac- 
tual installations in the forthcoming article. 


Association News 


COMMITTEE ON DATA AND INFORMATION. 
QUESTION BOX. 

At the 1912 Annual Convention of the Association it 
was decided that the Committee on Data and Infor- 
mation should conduct a “Question Box” for the pur- 
pose of supplying information to such members of the 
Association as may care to ask questions which come 
within the field of the activities of this Association. 

Arrangements have been made by this committee 
to have this question box appear regularly in the 
RAILWAY ELECTRICAL ENGINEER in the hope 
that any one reading these questions and being able 
to answer them would do so, in order that every one 
could get the benefit therefrom. 

In this issue there appear the only questions re- 
ceived up to date, and we hope that enough interest 
will be excited to result in having answers to all of 
them sent in before the end of the month. 

Each month the new questions will be followed by 
the answers to the questions submitted the previous 
month, this appearing each time under the general 
heading of Association News in order that those inter- 
ested will always know where to find them. 

Questions for March. 

No. 1. How many railroads furnish rubber gloves, 
aprons and boots to battery men in the yards? 

No. 2. What is the best method of removing an 
axle pulley from an axle? 

No. 8. Is there any standard for the size and num- 
ber of wires per coil in an axle light generator arma- 
ture? Gy Cale 

The Committee also desires all those who have ideas 
to make suggestions as to what kind of information or 
data will be of the greatest value to the Association 
members. 

Send your answers to these questions to Mr. C. R. 
Gilman, care C. M. & St. P. R. R., West Milwaukee 
Shops, Milwaukee, Wis. 


Extensions to New Haven Single-Phase System. 

The recent decision to electrify the division be- 
tween Boston and Providence by the N. Y., N. H. & 
H. R. R. will add about 200 miles of track electrifica- 
tion. The proposed territory being a four-track route, 
inclusive of yards and sidings. The engineering spec- 
ifications for the electrification of the Boston Metro- 
politan district, comprising over 400 miles, is based 
upon single-phase operation. 

This will make four sections in progress and in ad- 
dition to the original electrification will bring the total 
electrified track mileage up to 750 miles. Originally 
there were 114 miles electrified with 41 locomotives 
in operation, while at present there are 151. 

The power house capacity was 21,000 h.p. in 1907 
and is 45,000 h.p. at present and the electric locomo- 
tive mileage has increased from one and one-half mil- 
lions to five and one-half millions of miles. 

The combined horse-power of electric locomotives 
now in operation is nearly 130,000 h.p. 


March, 1913. 
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Postal Car Illumination 
A Report of the Extensive Research Conducted Under the Auspices of the Baltimore & Ohio R. R. 


For the purpose of obtaining more adequate data 
on the subject of postal car illumination, the Baltimore 
& Ohio Railroad, through its Electrical Department, 
has just completed an extensive series of tests and 
investigation of the subject covering a period of sey- 
eral months. The research was made last fall in 
Washington, D. C., on one of the latest type of 60-foot 
steel postal cars in use on the Baltimore & Ohio Lines. 
In conducting the tests the assistance of illuminating 
experts of the leading reflector, car lighting fixture 
and incandescent lamp manufacturers was obtained, 
and in order to insure the greatest accuracy of test 
results the co-operation of the National Bureau of 
Standards was extended in calibrating the instruments, 
rating the lamps used, and making photometric curves 
of all the light units tested. 

The character of the visual work performed in a 
railway postal car requires a high quality of illumina- 
tion, and the long hours during which artificial illum- 
ination is required make the problem of furnishing a 
reliable and economical supply of light a difficult one. 

That the results of the investigation might be of 
general value, the tests were carried out on a broad 
engineering basis, covering all practicable methods of 
car illumination available at the present state of the 
art. However, the investigation was confined solely 
to the question of providing proper and adequate illum- 
ination. 

This report covers an investigation of postal car 
illumination. The investigation had for its particular 
objects the determination of— 

1. Location of light units. 

2. Best type of reflector—All types of reflectors at 
present on the market were investigated and judged 
from the standpoint of (a) the degree to which the 
character of the illumination produced by them per- 
mitted of easy and comfortable visual work, (b) rela- 
tive efficiencies, (c) non-production of objectionable 
shadows, (d) infrequency of cleaning required and 
ease of cleaning, (e) non-liability to breakage. 

3. Minimum intensities of illumination required 
in various parts of the car. 

4. Relative suitability of electricity and Pintsch 
gas, judged from the character of illumination pro- 
duced. 

5. Proper size and spacing of electric incandescent 
lamps and gas lamps. 

6. Feasibility of indirect lighting, both by elec- 


tricity and Pintsch gas. 


y. Loss of illumination under present reflector 
cleaning practice. 

As a result, partly of the recent standardization of 
the construction of U. S. postal cars and partly of 
the completeness with which the investigation cov- 
ered all phases of the subject, the conclusions derived 
from this investigation should apply not merely to 
the practice of the Baltimore & Ohio Railroad but 
with equal force to the practice of all American rail- 
toads. ; 

CONCLUSIONS. 
Causes of Present Unsatisfactory Illumination. 

General: The investigation showed that unsatisfac- 
tory conditions of postal car lighting in the past, not 
arising from failure of the generating or gas supply 
system, have been due to improper arrangement of 
the light units, to unsatisfactory types of reflectors, 


or to poor maintenance, and not, in general, to in- 
sufficient amount of light initially provided. 


Location of Light Units. 

1. The architecture of the postal car definitely and 
beyond question pre-determines the correct location 
of the light units. Under the new government speci- 
fications of postal car construction, these locations 
are as follows: For body of car, on center line of 
car at a height of 7 feet 6 inches from the floor, meas- 
ured to center of lamp filament or gas mantle; for 
letter case, 20 inches in front of face of case, at a 
height of 7 feet 6 inches from the floor. 


Letter Case. 

Adequate illumination at the letter case can be pro- 
vided for only by separate and correctly located light 
units. Due to the fact that their light is shaded by 
the postal clerk at work, or by the letter case itself, 
the light units for illuminating the body of the car 
cannot correctly be considered as contributing to the 
illumination at the letter case. 

Avoidance of Shadows. 

2c. The investigation showed that shadows de- 
pend almost wholly upon the location of the light 
units, and only to an immaterial degree upon the 
character of the reflector, shade or globe. The only 
exception to this generalization is that of the indirect 
lighting system, which casts no shadows. The loca- 
tions specified above as correct are such as to mini- 
mize to the greatest possible degree the objectionable 
nature of such shadows as are cast. 


Best Types of Reflectors. 

2. The following table presents the order of ex- 
cellence of the various types of reflectors, as meas- 
ured on the four bases of (a) effect of resultant illum- 
ination upon the eye, (b) relative efficiencies, (c) 
cleaning considerations, and (d) liability to breakage: 


Effect on Eye Efficiency Cleaning Liability to 
Cansiderations breakage 
Indirect Sys- Mirrored Glass. Porcelain Porcelain 
tem. enameled enameled 
metal. metal. 
Corona globe Prismatic clear. Medium den- Aluminized 
satin finish, sity opal, metal. 
bottom. glazed. 
Medium den- Heavy density Heavy density Indirect sys- 
sity opal, de- opal. . opal. tem. 
polished. 
Aluminumized Aluminumized Mirrored glass. Prismatic 
metal. _ metal. clear. 
Prismatic satin Medium den- Aluminumized Prismatic satin 
finish. sity, opal, metal. finish. 
glazed. 
Medium iden- Medium den- Medium den- Heavy density 
sity opal, sity, opal, de- sity opal, de- opal. 
glazed. polished. polished. 
Prismatic clear. Porcelain Prismatic Medium den- 
enameled clear. sity opal, 
metal. glazed. 


Heavy density 
opal. 


Porcelain 
enameled 
metal. 


Prismatic satin 
finish. 


Corona globe 
satin finish 
bottom. 


Mirrored glass. Indirect sys- 


tem. 


Prismatn satin Medium den- 


finish. ’ 


Corona globe 
satin finish 
bottom. 


Indirect sys- 
tem. 


sity, opal, de- 
polished. 
Corona globe 
satin finish 
bottom. 


Mirrored glass. 
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The four bases above given are not all of equal 
weight in determining the relative suitability for pos- 
tal service of the different types of reflectors. After 
considering the question of relative weighting of the 
above four qualities from several points of view, 
the following compromise basis was adopted: Out 
of a total of 100 points, an importance represented by 
the figures in the following table was assigned to 
each of the four qualities under consideration: 


Hect HOMME Y CUE Sah tet. tthe. hic os so. 0s he 44 
ENCIONCY Mae ae aie enone t sy cL ok cs geo shia nies 30 
Gleaming repr Peet ie Pitta: ae ise Msc eee 18 
Breakage spew pind. t5 icone ce oa 8 


Assigning the above values of relative importance 
to the four reflector qualities chiefly to be taken into 
account, the relative suitability of the various types 
of reflectors for postal car lighting is such as is given 
in the following table. Reflectors are given in their 
order of excellence: 


Class of Reflector Reflector. Fig. No. 


Aluminumized metal.|Holophane D’Olier No. 18460 body 


of car or the equivalent. 6 
Holophane D’Olier No. 18470 at 
letter case or the equivalent. "i 

Heavy density opal. |Holophane No. 18626 rede- 3 
signed, or its equivalent. 

Medium density opal|Phoenix CL-50, or its equiva- 2 

glazed reflecting sur-|lent. 

face. 

Porcelain enameled |Holophane D’Olier 18461, or 11 

metal. its equivalent. 

Medium density opal|Macbeth-Evans Alada No. SF- i 


depolished reflecting |1623, or its equivalent. 
surface. 


Indirect lighting Experimental enameled 


enameled reflector reflector. 
for gas lighting. 
Mirrored glass. X-Ray 555, or its equivalent. 8 
Prismatic clear. Holophane No. 18226, or its 
equivalent 5 
Prismatic satin finish.| Holophane 18226-SF, or its 
equivalent. 3 
Reflecting and diffus-|Safety Corona No. 8026, or its 
ing globe. equivalent 13 


While certain of the above reflectors were tested 
with electric lighting and others with gas lighting, 
the results are not affected by the type of illuminant 
used, as the study is confined entirely to reflector 
quality. 


Quality of Illumination Relative to Eye. 
Extensive tests to determine the amount of illumi- 


Fig. 1, Macbeth-Evans No. SF-1623. Macbeth-Evans No. SF-1624. 


Fig. 2. 


Phoenix No. 10456. 


Phoenix No, CL-50. 


RAILWAY ELECTRICAL ENGINEER 


Vol. 4, No. 10. 


nation required for comfortable reading indicated that 
there was an appreciable difference in the character 
of the illumination given by different types of equip- 


Fig. 3. Holophane No. 18626. Holophane No. 18226-SF. 


Fig. 4. Opalux No. 123. Macbeth-Evans No, 3429, 


Fig. 6. 


Holophane D’Olier No. 18440, 


Holophane D Olier No. 18460. 


, 


Fig. 7, X-Ray No. 696. Holophane D’Olier No. 18470. 


Fig-es 


X-Ray No. 555. Holophane D’Olier No. 18410. 


March, 1913. 


Fig, 


Fig. 


Fig. 10. 


11. Holophane D’Olier No. 18461. 


Fig. 12. 


Fig. 
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Holophane D’Olier No. 18479. 


Holophane D’Olier No. 18417. 


13. 


Adams & Westlake No. 15090-15070. 


Safety No. 8026. 


Safety No. 8409. 


Macbeth-Evans No. 2619. 


Safety No. 8565. 


Safety No. 3425. 
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Fig. 14. Holophane D’Olier No. 18490. Holophane D’Olier No. 18418. 


ment. Certain types of equipment gave an illumina- 
tion of such character as to leave the eye in a less 
satisfactory condition for vision, thus requiring an 
increased intensity of illumination for adequate vision. 
For practical purposes, all equipment tested can be 
divided into three classes relative to the character of 
the illumination produced. These three classes and 
the approximate amount of illumination required un- 
der each are shown in the following table, the illumi- 
nation required by the third class being taken as 100 
per cent. The test method was not sufficiently sensi- 
tive to determine the exact percentage relations, but 
the figures given may safely be taken as approxi- 
mately correct: 


First Class. Second Class. Third Class. 
50% Illumination 80% Illumination 100% Illumination 
required. required. required. 


Indirect lighting. 


Diffusing globes, 


except heavy den- 
sity with glazed re- 


Mirrored glass 


all classes. Alumi- reflectors. Porce- 
numized metal re- lain enameled re- 
flectors. Opal re- flectors. Heavy 
‘flectors, all classes density opal re- 


flectors with glazed 
reflecting finish. 


flecting surface. 
Prismatic, clear 
and satin finish re- 
flectors. 


Required Intensities. 


3. Average results obtained from a test crew of 
ten, five of whom were members of the Railway Mail 
Service, showed that 2.25 foot candles was approxi- 
mately the minimum satisfactory intensity for long 
continued close visual work under illumination de- 
rived from the equipment listed above in class two. 
On the same basis, 3.5 foot candles was determined to 
be ample. In other words, the illumination in service 
should never fall below 2.25 foot. candles intensity at 
any point where close visual work is to be done, and 
need never be raised higher than 3.5 foot candles in 
order to provide sufficiently adequate service. It was 
estimated by different observers, including responsi- 
ble representatives of the Railway Mail Service, that 
about one-half, or slightly less, of the above illumina- 
tion intensities was required at the mouth of the mail 
bags in sack rack portion of car and on the face of 
the letter case. The following table, therefore, gives 
the minimum intensities which can be considered as 
sufficient for each of the three classes of equipment tab- 
ulated above. 


Glass#1 Class’ 2\.€lass 3 

Equip- Equip- Equip- 

Location. ment ment ment 

Sack rack portion, center of car..1.40 2.24 2.80 

Sack rack portion, mouth of bags.. .75 1.20 1.50 
Storage portion, measured not less 

than? Se siommewallsnea sacd ona S05 1.20 1.50 

Letter cases, horizontal over tables.1.40 2.24 2.80 

Letter cases, vertical, face of cases .62 1.00 1.25 
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Depreciation Factors with Various Reflectors. 

With spacing of light units shown on plan No. 1 
for electric lighting and plan No. 2 for gas lighting 
the approximate amount of illumination provided in 
excess of the minimum values as stated in the above 
table, by the various reflectors tested, is given in the 
following table in the form of the per cent the initial 
values may fall before reaching the minimum: 


RAILWAY ELECTRICAL ENGINEER 


Vol. 4, No. 10. 


No. 3044—82 c. p. mantle used in all instances ex- 
cept at letter case for aluminumized and enameled 
metal reflectors when 2640-27 c. p. mantle was used. 
For indirect lighting special 112 c. p. mantle was 
used. 

Suitability of Pintsch Gas Lighting. 

4, The investigation showed that, when proper 

location of lamps and proper type of reflectors are | 


ro) Ilumination Efficiency and Uniformity Stations. 
A Vertical Illumination Stations, 
Table No, 1. 


eS ee 
«< ‘ >< vas ae 63 ~~ 5'o >=<—_5'0 
oe Te ee ate nD 


ie oe 


ia 6 Oss 
iP +5 Os2 
aT 


——e 
it tT e———J 


= 


@ Intensity Test Station. 
Lamp Location. 


Test Plan Electric Lighting, Lamps 5 ft. Spacing. 
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(e) Illumination Efficiency and Uniformity Stations. 
A Vertical Illumination Stations. 


@ Intensity Test Station. 
Lamp Location. 


Table No. 2. Test Plan Gas Lighting, Lamps 7!f ft. Spacing. 


Sack Rack Letter Case 
bo — 
Ss S 
S — 
uw bo fe) s 
o << 3 N SI 
~ A ey be ~ 
c a] sol a 
oO fe) 2 ° o 
O = n eee Ss 


Approximate per cent. depreciation from initial values for 
illumination to fall to minimum value specified. 


29* 68 54 


PO at cuhinic Goes alec 56 62 44 56 22* 


sueieie Memes. teness ictavo eee netetats oot tos 58 52 43 55 32* 


Cesc ame liel sisi ero, ceNeraaen ramope tees 63 54 28 55 45 
Medium density opal Phoenix 


C50. eo iret von Meets Mn eta ae 56 54 31 50 32 
Phoenix10456. po ee 61 59 44 53 18 


BRO 59 58 51 52 31 


Light density opal Macbeth- 

Evansy NO,(3420a ee eee ee 39 56 48 ol 26 
Aluminumized metal Holo. 

D’Olier, 18460 and £84704 55. 60 60 50 69 55 
Enameled metal Holo. D’Olier, 

TQAG1- costes che eee oe eee 49 45 10 41 20 


eV VCotla ke Te NOt L505 Oar 48 45 al} 41 14 
Indirect lighting X-Ray, E-100.51 fal 19 11 35 
Gas Lighting. 
Aluminumized metal Holo. 
D’Olier, Nos. 18418 and 18490.66 68 60 aks 68 
Enameled metal Holo. D’Olier, 


18417 -ande18479 eee eee 50 52 45 52 52 
Reflecting and diffusing globe 

Safety Corona, No. 3425...... 51 55 41 52 47 

Safety Corona, No. 8026...... 47 41 42 53 48 


SS jevete nie Steere e 44 46 43 65 54 
Diffusing globe Safety, No. 3116.36 35 23 59 40 
Indirect lighting enameled re- 

Hector) ("a2G.. occa Sil 34 arg 


*With two properly designed types of reflectors, one for letter 
case and one for body of car, as well balanced depreciation fac- 
tors can be obtained with the mirrored and the prismatic refiec- 
tors as with the aluminumized metal, 


provided, the illumination derived from Pintsch man- 
tle gas lamps is in all ways equally satisfactory with 
that given by electric lighting. As in the case of 
electric lighting, the following conclusions were 
reached for Pintsch gas lighting. The best type of 
reflector for this service is the aluminumized metal 
reflector. Location of light units should be as speci- 
fied in Conclusion No. 1, above. For satisfactory re- 
sults units must not be spaced over 7% feet apart in 
the sack rack portion, nor over 8 feet 6 inches in the 
storage portion of the car. 

Proper Size and Spacing of Electric Lamps. 

5. On certain roads it has been the practice to 
employ 15-watt or 25-watt rather than 50-watt lamps 
in electric systems of postal car lighting. It was 
claimed for the smaller lamp system that it produced 
a more uniform illumination, and one characterized 
by less objectionable shadow conditions. The light 
units were frequently arranged in two parallel rows 
down the car, each row about 15 inches off the center 
line. 

The investigation showed conclusively that equally 
Satisfactory illumination results can be obtained with 
either 50-watt, 25-watt or 15-watt lamps. The smaller 
size of lamp should, however, like the larger size, be 
located in all cases on the center line of the car, exe 
cept at the letter cases. 

On account of its greater flexibility permitting just 
the adequate amount of light and no more to be sup- 
plied in each portion of the car, the use of the 25- 
watt or 15-watt sizes enables a saving of from 11 to 
18 per cent to be made in electrical energy consump- 
tion. On the other hand, the use of these smaller 
sizes of lamps involves double fixture and reflector 
initial installation cost, and practically doubles the 
lamp and reflector maintenance cost. 

To obtain adequate illumination results at all times 
in service, under prevailing conditions as to main- 
tenance, the various sizes of light units should be 
located, when aluminumized metal reflectors are used, 
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SUMMARY OF ILLUMINATION TESTS 
Ab LE 1. 


ELECTRIC LIGHTING 
LETTER CASE STORAGE 


ENTIRE CAR BAG RACK SECTION SECTION SECTION 

Nature Foot % Use- Bic te Ga Ft. C. Hori- Verti- Foot 

of can- ful Center Mouth Vertical zontal cal can- 
Value dles Lumens of car Bags pon Pap. Bx. Ft:.C. Imi, (C dles 

Division 1.—Comparative I|lumination Results, Various Types Reflectors, 5 ft. Spacing, 50 watt lamps. 

POIRMRTT Ge CT LASS Mea onte Ie core cate ec 8 cs Avg. 6.03 62.3 12.04 Bars 3.74 10.75 4.67 3.84 
pomnay NO. 696......-.- fete teen eee eee Max. 17.90 isle « 17.90 3.98 4.74 13.70 7.04 8.90 
Beopacing 13/16 position............. Min. 2.12 es 7.28 3.37 2.16 8.80 2.72 2.12 
 gamnelyantey of CURA RE 6 aie cities Avg. 5.28 54.6 8.38 3.45 1.95 7.87 4.48 3.65 
Holophane INGRRLSD OO ert erte e+ e's) sb a a2 Max. 14.65 ine 9.36 3.69 2.46 9.52 6.67 6.76 
meenacing 134” “position.;.............. Min. 2.02 her 7.72 3.20 1.59 6.42 2.01 2.02 
Mu Density Opal.<oe.. 0. -0-.----.- Avg. 5.00 51.8 8.33 3.59 2.75 7.69 5.05 3.42 
Holophane Neat S Oc Onsmrien ces tales sss. Max. 11.55 Lae 10.38 3.93 4.06 9.03 8.54 6.46 
fesnacing 134 position:.............. Min. 2.09 ee 7.66 3.26 1.91 6.17 DPI 2.09 
minminumized Metal.................. Avg. 4.28 44.2 5.86 3.35 2.66 8.42 3.95 3.03 
Holo. D’Olier 18460 and 18470......... Maxagmeo-o1 rie 6.14 3.57 3.69 9.51 5.86 5.19 
meeapaciniz 134° position...40. 00.0.0... Min. 2.39 a 5.58 2.96 1.35 MAS 2.23 2.39 
Medium Density Opa lieee tera es Avg. 4.14 42.8 6.31 3.43 4.01 5.36 3.01 2.96 
Phoenix Nom O4 5.0.12 © cer atenat se Brcrak ane abevers Max. 8.45 Sates 7.62 3.72 4.65 5.72 5.09 5.50 
Beeopacing 154 position....¢...i0..... Min. 2.14 io 5.71 2.91 3.19 4.78 1.22 2.14 
Medium Density Opal Ha ces Sat Metta of e Reaiehans Avg. 4.13 42.7 5.96 3.44 3.82 5.50 3.76 3.07 
Macbeth-Evans No: Sibel G2 Ancien sy-ce ioe Max. 8.47 Ries 7.04 3.68 4.63 6.04 6.58 5.39 
meooacing 56° position........%6./..6. Min. .69* ks: 5.40 2.87 2.70 4.89 1.56 .64* 
NMediwum Oensity Opal... i... 5.086005 Avg. 3.98 41.1 5.84 3.39 3.34 Da Apa 2.96 
Macbeth Evans SF-1623 Bo nin eae Max. 7.85 siiels 6.65 3.68 4.20 5.54 5.90 4.90 
Beeparwug 54° position...... (2s0.e0c08. Min. 2.38 sae 5.43 2.86 2.51 4.71 1.45 2.38 
mene Density (Opal ses. sovsias cade cans « Avg. 3.93 40.6 5.87 3.28 3.82 5.23 3.18 2.93 
Macbeth-Evans No. 3429.............. Max. 7.45 eects 7.45 3.52 5.06 6.22 5.47 4.75 
Bespacing 34° position...-...6...5.4.6 Min. .68* igi 3.70 2.74 2.55 4.58 1.35 .69* 
Enameled Metal PRE Ae cie ay Reece ee Avg. 3.86 39.9 5.78 3.12 2.85 5.62 4.09 2.74 
Holo. D’Olier (18461. So Se coe ce Max. 8.17 ais 6.80 3.26 4.04 6.21 oalige Doe 
Mepacitig 136 Position. .... 6.006... ees Min. 1.67 weet 5.48 Tom 1.75 4.77 1.56 EGG 
Medium Density Opal................. Avg. 3.81 39.4 5.54 3.12 2.63 5.11 3.46 2.87 
2ipenrive 1 CHDSE ay aoe cect enone Ica oe tee Max. 7.92 cea Fe 6.30 3.28 3.14 5.68 5.58 soda 
5’ Spacing A GEE POSILIOIM «i erercmickaes fies Min. Alert) etaoes Belkan 2.57 2Lo 4.45 1.46 aera 
re Ge SALE IMIS Mc + etc eicls «saves - Avg. 3.78 39.0 6.07 2.89 2,52 5.51 3.16 2.74 
Prolophane No. 18226. SF ........-.:<5- Max. 7.95 =e 6.87 IIB: 3.08 6.14 5.10 4.73 
Beeopacine 136 position... ..........0+- Min. 2.09 a 5.36 2.51 1.99 4.95 1.46 2.09 
Preeyy Density Opal. ......... 266.606. Avg. 3.73 38.5 5.51 Ble! ADOT 4.98 3.63 2.84 
Opalux [NRCS Se oirika esters oren tear ekey sete. cs say ore Max. 7.00 “Bae 6.15 3.36 5.52 5.26 6.60 Baa: 
Beopacing {3/16 position......-+..-.-. Min. eit Beles 5.07 2.58 2.83 4.65 1.34 eyualal 
Pefecting and Diffusing............:.. Avg. 3.06 31.6 4.79 2.45 4.14 4,34 ae 2.18 
Adams & Westlake No. 15050......... Max. 5.63 oa 5.42 2.85 4.51 4.78 AAG 4.56 
A aa dee als Ace vive se AAs ts annals Min. 1.21 5 one 4.32 2.16 3.63nnae 3.82 Sea 1.21 
Beteeting and Diffusing.....,......... Avg. 2.63 27.2 4,25 2.04 3.66 4.24 2.20 1.83 
Adams & Westlake No. 15090-15070... Max. 5.69 ox 5.45 2.56 4.28 5.69 4.22 3.39 
ON Ps es ct le cee eae cee Min. 3% ee 3.55 1.94 Salle 3.25 92 .43* 
cue. ILAWH ICO gIS pee sro Bio eioe ceackocecrop clr Avg. Dra 28.0 3.79 2.46 4.36 Dl) 1.94 2.10 
MRM M ae 6 Gheo's< cialsnaversials Wining) isle > Max. 5.20 ey. 4.11 2.84 4.59 2.93 3.86 3.69 
Min. 1.65 Brseys 3.42 2.00 4.14 2.56 .59 1.65 


Division I].—Same as Division |, Except 7!/ tt. Spacing. 


Beavy Density Opal.......0..-..0.0+ Avg. 4.20 56.4 5.87 2.76 1.74 7.83 oe: 3.04 
Holophane No. 18626............-.-6- Max. 12.52 Earel 8 9.49 3.76 3.30 9.79 unas 8.83 
"i7' Spacing 13%” position............. Min. 1.03 tee 4.63 2.38 . .98 6.51 Sears 1.03 
MTT Gi 1 Oa Tis, fotenexcteins sores niche Se ysloiae io Avg. oo 53.4 6.13 2.47 nla By 6.94 4.48 2.92 
Holophane No. 18226 ............-6+-- Max. 11.30 anaiate 8.39 3.40 1.60 7.67 6.67 8.00 
71Z' Spacing 13%” position............- Min. © .89 aes 4.79 oe 97 6.14 2.01 .89 
Mitmmumized Metal..............0.-- Avg. 3.38 45.3 4.37 2.50 1.46 7.64 3.95 2.43 
Holo. D’Olier 18460 and 18470......... Max. 8.84 Eis, ah 5.21 2.83 - 3.38 8.84 5.86 4.50 
7, Spacing 13%” position............. Min. 2.15 Ys. 4.02 2.23 58 6.87 2.23 1.15 
OPCS ae eee Avg. 3.23 43.4 4.39 2.38 1.47 5.44 4.09 2.52 
Pronomel G)itet, S461...) sc ce eters Max. 7.94 Bras 6.70 3.00 2.97 6.31 TLD 5.42 
7 Spacing 1%” position.............. Min. 1.26 eee 3.68 2.08 .80 4.67 1.56 1.26 
Medium Density Opal...............5- Avg. 3.10 43.0 4.26 2.45 1.89 4.46 3.31 2.36 
Macherhe mvans SH=-1623.....ccse- sss Max. 6.76 Bates 6.02 3.12 3.18 4.83 5.90 4.46 
Meamspacing54 pOsition......0...05%-. Min, 1.32 Ae 3.65 2.25 1.25 4.04 1.45 1.32 


*Minimum value given is for point falling behind an obstruction. 
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TABLE 1.—(Continued.) 
SUMMARY OF ILLUMINATION TESTS 
ELECTRIC LIGHTING 
LETTER CASE STORAGE 
ENTIRE CAR BAG RACK SECTION SECTION SECTION 
Nature Foot % Use- ih Meee rt. C, Fin Hori- Verti- Foot- 
Installation of can- ful Center Mouth Vertical zontal cal can- 
Value dles Lumens ofcar - Bags on Pap. Bx. Ft.C. Fiee dles 
Division I1 (Continued).—Same as Division I, Except 7/4 ft. Spacing. 
Prismatictsatineinish. sane eee ne Avg 3.09 41.5 4,28 Palle 1.63 Beet 3.16 2.36 
Holophane"No.918226-Sh.5. oa Max 8.26 Ses 6.36 2.78 2.34 6.28 5.10 5.46 
TiGpopacing Iss position: 20. ene: Min 71% 3.54 1.97 1337 4,52 1.46 Be a 
MediumsDensity (Opale ae eee ee Avg. 2.94 39.5 4.28 2.07 1.41 4,82 3.01 2.18 
Phoenix Jn o810456 40 ee ee. Max. 6.86 5.62 2.98 2.01 ‘59p2)0) 5.09 4.54 
774. Spacing 434" ‘position ....0..c:.k is Min .68* 3.46 1.61 1.11 4.46 1.35 .68* 
Reflecting and Diffusing we ian cok eee Avg 2.38 32.0 3.49 1.69 2.40 3.92 3.01 1.80 
Adams & Westlake No. 15050......... Max 4.94 4.72 2.27 3.65 4,43 5.10 3.80 
74! SDa Cin Gagtn) stariie a SU ea ene Min ardsys 2.88 1.54 172 3.22 Lat, 75% 
Division IIl.—Same as Division I, Except 10 ft. Spacing. 
Aluminumized (Metal. tna... ee Avg 2.50 42.0 3.01 1.58 2.78 6.68 3.95 1.97 
Holo. D’Olier 18460 and a S47 One ee Max Tee 4.28 2.29 5.72 7.56 5.86 4.72 
10! Spacing 136” ‘position’. .......4.4... Min palates 1.99 15 .39 5.74 2.23 .42* 
Medium Density Opalse «0... eee Avg 2.30 38.6 Subs 1.43 2.00 4,49 2.31 1.88 
Macbeth-Evans: SF-1623.5....0.- 04. Max 6.48 4.46 2.09 3.37 5.15 5.90 4.98 
LO’ pacing Seca position, be eee Ue Min 34* 1.69 34% Hedy 4.00 1.45 44* 
Division 1V.—Results with Indirect Lighting System. 50 Watt Lamps with 10 ft. Spacing. 
Mirrored Glass Indirect Dighiing eae Ave. 2.37 26.1 3.34 1.82 1.46 1.90 1.49 2.05 
X-Ray E-100-50 Watt Lanipssheae.. 3, Max. 4.26 3.87 2.24 1.78 2.18 1.99 4.26 
10% Spacing Men A None) Mite team Min 84 2.89 84 1.14 1.58 95 93° 
Division V.—Results With 15 Watt Lamps. Compare With Division I. 
Prismatic Clears se ee ee ae Avg 2.73 pyal 5.02 2.15 1.78 3.50 1:72 1.88 
Hélophane Nowis2) ew a0n 4. eee Max 5.78 : 5.78 2.65 2.86 4.17 2.33 4.84 
S| Spacing os positions -,.5) eee Min .18* 4.30 1.68 85 2.28 1.04 .18* 
15-watt lamps. 
Aluminumized Metal.<..../. 0:72 50) Avg 2.28 44.6 3.63 2.10 2.34 2.28 1.69 1.62 
Holo. D’Olier ICE UA SO ower Mee ak aor Max 4.15 3.96 2.23 3.54 magi 3.05 2.07 
5 Spacing ws position. ..5 wens Min 58 SB 1.99 .98 1.50 57 .58 
1} WattQiipe sao oce oi). oes 
Medium Density Opal 23.2), eee Avg. 2.12 41.2 3.37 1.94 2.41 2.17 1.21 1.54 
Macbeth-Evans No: 2610 <8 aaa Max. 3.80 3.70 2.16 3.05 2.53 2.20 2.59 
5S Spacing OY Mposition: 3... aes Min. 3T* 3.10 Weare 1.67 172 .46 Te 


15-watt lamps. 


Division VI.—Effect of Using Body of Car Type of Reflector at Letter Case. Compare With 4th Test, Division I. 
Aluminumized Metaleipen a...) eee Avg. 4.07 42.1 5.86 3.a0 2.66 5.47 4.25 3.03 
Holo. D’Qher 18460hgemn.. 3 omen Max. 8.42 6.14 3.57 3.69 6.00 7.59 5.19 
DesDacing 196" position... .. ik. see. Min 33% 5.58 2.96 1.35 4.86 1.54 33* 

Division VII.—Results With Dirty Reflectors. Compare With 4th Test, Division I. 
Aluminumized Metal Mapaner as, cl een Avg 3.13 32.3 4.46 2.58 5.35 2.26 
Holo. D’Olier 18460-and 18470...... 2, Max 6.21 4.92 2.83 5.73 4.36 
5° Spacing 134” position............... Min 29* 4.26 2.35 4.74 .29* 
Dirty reflectors. 

Division VIII.—Effect of Change of Lamp Position on Ilumination Values. Compare With 2nd Test, Division |. 
Prismatic (clear seavameuaky jabs; eee Avg. 4.22 43.6 5 me 3.85 3.51 5.27 3.99 3.15 
Holophane No. 18226 Seererene ees oie stoic Ce Max 8.28 6.98 4.24 4.85 Deo 7.78 5.10 
5" Spacing $6” position. s............. 2. Min .6* 5.12 3.20 2.03 5.06 1.28 .65* 


at approximately the spacing shown in the following 
table. If a less efficient type of reflector be used, the 
units must be spaced more closely, or better main- 
tenance than is now the general practice must be 
provided. 

Electric Lighting. 


Maximum separation between adjacent units. 


50 25 
Location. watt unit watt unit 
sack tack portion wwir.us a ee ee. RO. 2’ 10%” 
SEOTARe portions cu. < cn a eee 76" 4’ 6” 


Letter Case portion Standard cases (as 
used in full postal cars) up to 4’ 9” 
width (7 letter boxes wide, back case) 1 unit 


Standard cases from 4’ 9” width to 6’ 9” 
(lz letter boxes)! Gua itene, ox. s. Fen 2 units 


2 units 


3 units 


Proper Size and Spacing Pintsch Mantle Lamps. 

In the case of Pintsch mantle gas lighting, it was 
found that equally satisfactory illumination results 
could be obtained with a No. 3044 mantle, giving ap- 
proximately 82 mean horizontal candle power, as 
with smaller size mantles. As the No. 3044 mantle 
is in general commercial use for postal car lighting 
there is no advantage to be gained by the use of 
smaller mantles except at the letter cases when alum- 
inumized metal reflectors are used. Because of the 
character of distribution curve obtained with the 
Proper design of reflector of this type for letter case 
illumination and because of its high efficiency the use 
of the small mantle is required to keep the maximum 
illumination values within desirable limits. To obtain 
adequate illumination at all times in service, when 


*Minimum value given is for point falling behind an obstruction. 
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TABLE 2. 


SUMMARY 
% 


OF ILLUMINATION TESTS 


GAS LIGHTING 


Division XI.—Effect of Using Body of Car Type of Reflector at Letter Case. 


LETTER CASE STORAGE 


ENTIRE CAR HAGInRnGkKeSEeCcClON SECTION SECTION 
; Nature Foot % Use- FEC shteG, ert C. Hori- Verti- Foot- 
Installation of can- ful Center Mouth Vertical zontal cal can- 
’ Value dles Lumens of car Bags onPap. Bx. Ft.C. PEG, dles 
Division |X.—Comparative Ilumination Results, Various Types Reflectors and Globes, 7!/> ft. Spacing, Mantle No. 3044. 
Aluminumized IMetaleeer crab eiskt culate Avg. 5.95 44.5 7.24 4.07 2.30 15.4 6.08 4.78 
Holo. D’Olier 18418 and 18490 Sasa. ae Max. P70 ee 7.96 4.59 5.16 17.10 8.90 8.33 
(Mantle No. 3044) Pea CIN O's, 0,5, ane Min. 2.47 6.51 3.65 .93 12.55 3.69 2.97 
Aluminumized Vieta lager wietictiae- acs ose Avg 5.41 40.1 5.72 4.03 4,54 15.05 6.08 4.05 
Holo. D’Olier 18410 and 18490......... Max. 17.20 6.26 4.47 9.18 17.20 8.90 6.75 
(Mantle No. 3044) 74’ SMACIM Os 4, osha ote Min. 2.62* 4.52 3.20 2.03 11.90 3.69 2.62* 
Enameled metal wi SiS(a cathe 2 OOo Avg 4.91 37.2 6.66 ube 3.78 9.40 6.32 4.24 
Holo. D’Olier 18417 & 18479 3 Bt SIAL Max 11.88 ates eo 4.06 8.90 11.88 11.80 7.78 
Mantle No. 3044 714’ spacing........... Min. 2.29 5.60 3.13 1.60 7.12 2.59 2.29 
femameled, Metaly.2 ces. oecsiesdes ens cet Avg. 4.27 32.0 5.50 « 3.07 2.72 8.76 6.32 3:55 
Safety No. 8409, Center 8465........... Max. 10.20 ae 7.09 3.64 5.23 10.20 10.56 7.54 
7’ Spacing (No. 3044 Mantle). - Min. 1.30* 4.23 2.34 1033) 7.67 2.62 1.30* 
Reflecting and Diffusing Globe......... Avg. 4,10 30.7 5.47 3.47 5.26 5.20 5.04 3.46 
Safety Corona No. 3425...........++5- Max. 7.80 6.79 6.00 6.26 5.83 8.85 6.23 
(Mantle No. 3044) 714’ Spacing....... Min. 2.04 4.59 2.63 4.60 4.67 1.89 2.04 
Reflecting and Diffusing Globe......... Avg. 4.05 30.3 5.26 2.92 4.73 6.49 4.60 3.44 
' Safety No. 3489 (Mantle No. 3044)..... Max. 8.74 basis 6.48 3.35 6.55 6.56 7.33 6.55 
SPACING, 5 o-1 t ose set Hoe esas enh Min, 1.72 3.97 2.21 3.74 6.35 2.18 72 
Reflecting and Diffusing globe ....... Avg 3.86 28.9 5.18 2.85 4.56 5.56 4.05 3.37 
Safety Corona TS [Oye UUR Taso pleaa.s Seo Orci circ Max. 8.23 5.95 3.23 6.05 6.22 6.60 6.20 
Mantle No. 3044, 714’ Spacing.........- Min. 2.00 4.25 2.42 3.72 4.83 1.93 2.00 
Diffusing globe—Opal ............--0-- Avg. 3.27 24.0 4.58 2.19 3.48 5.59 3.20 2.79 
Safety No. 3116, No. 3044 Manticnnerde Max. 6.81 5.00 2.63 4.73 5.94 4.94 5.79 
Mena Y seas Sac nea sae owes ae nee Min 1.50 3.52 1.84 2.80 5.41 1.69 1.50 
Division X.—Results With Safety Mantle No. 3044 in Body of Car and No. 2640 at Letter Cases. 
Aluminumized metal ...............-- Avg 4.88 45.0 5.61 4.01 4,54 11.22 Bel 3.92 
Holo. D’Olier 18410 & 18490........... Max. 13.50 6.26 4.47. 9.18 13.50 Tem 5.48 
3044 and 2640 mantle 7%’ spacing ...... Min 2.78 4,52 3.09 2.03 9.63 3.05 2.92 
Reflecting and Diffusing Globe......... Avg. : 3.87 
Safety Corona No. 3425...........2+6- Max. (Only Vertical Readings in letter cases taken.) 6.53 
(Mantles 3044 and 2640) 714’ Spacing.. . Min. 1.59 


Compare With ist Test, Division IX. 


Aluminumized Metal............2---- Avg. 5.80 43.4 7.36 4.08 2.30 9.45 7.54 4.84 
inion ©: Oliet 18418 ass gs ce nee ces Max. 14.70 8.18 4.59 5.16 9.62 12.90 8.33 
(Mantle No. 3044) 7%’ spacing.......-. Min. 2.03 6.51 3.66 93 9.31 3.14 2.03 
Division XII.—Results With Indirect Lighting System, Large Special Type Safety Mantle, 10 ft. Spacings. 
Enameled metal Indr. Ltg. ....... OAV 2.06 18.9 3.13 1.70 1.36 1.38 Jide 1.95 
Safety mantle No. “125 CEP oars eis tes Max. 3.39 3.34 2.20 1.56 2.02 1.03 3.14 
BMA CIS 6), 6% coe csc we otese bers nee net Min. .90 2.88 1.13 1.19 1.04 51 .90 
Division XII1.—Oil Lighting. 

Adams & Westlake Acme Lamps...... Ave. 2.40 2.75 3.35 3.07 2.47 2.18 1.69 
SPACING wi etic nn eee eee teens Max 4,11 3.43 3.26 4.05 2.61 2.93 3.67 

Min 38 ein aya 2.56 2.22 1.47 .38 


aluminumized metal reflectors are used, mantle gas 
lamps should be located at approximately the spacings 
shown in the following table: 


Pintsch Gas Lighting. 


Location 
Maximum Separation between 
Adjacent Units. 
Mantle No. 3044, approximate- 
iveSOnce Ds 
Sack rack portion.........-.. te So (7' 6” preferable) 
Storage portion ...........-- 8.60 


Letter case portion—Standard 
cases (as used in full postal 
cars) up to 5’ 6” width (9 
letter boxes wide, back case) 1 unit using No. 2640 mantle 

giving approximately 27 mean 

horizontal candle power. 

Standard cases 6’ 9” (12 letter 


RET PS irae biivald wi ee a. pia'e 2 units using No. 2640 etc. 


Feasibility of Indirect Lighting. 


6. The indirect lighting system showed conclusive- 
ly that this system produced an illumination so 
favorable to the efficient operation of the eye that 
adequate illumination was obtained with very much 
less the intensity required when mirrored or 
porcelain enameled reflectors were employed. Taking 
this into account, it was found that an adequate in- 
tensity of illumination can be obtained with the indi- 
rect system without any prohibitive or seriously ob- 
jectionable increase in consumption of electricity or 
gas. This is based on the assumption of initially pro- 
viding for only the same amount of depreciation as 
given by many of the direct systems on 5-foot spacing. 

It should be remembered, however, that the effi- 
ciency of the indirect system depends directly upon 


*Minimum value given is for point falling behind an obstruction. 
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the reflecting powers of the ceiling, while the various 
direct systems are practically independent of ceiling 
reflection. Even with reasonably frequent thorough 
cleanings of the ceiling, say every two months, and 
with repainting once a year, a higher factor of depre- 
ciation should be provided for the indirect system 
than for the direct system. This would involve an 
objectionably high gas consumption in gas-lighted 
cars, and a still more objectionably high, if not pro- 
hibitive, electric consumption in electric-lighted cars. 
Moreover, it is considered unlikely that any railway 
organization would feel inclined to provide the de- 
gree of maintenance necessary. 

In addition to the above considerations, the paper 
boxes very seriously shade the illumination on the 
rear sacks and rear sack rack label, though they cast 
no defined shadow.. To bring the illumination at these 
points up to an intensity which would be considered 
adequate, even with the indirect system’, would in- 
volve an expenditure of gas or electrical energy which 
could not be regarded as other than prohibitive. 

Because, therefore, of the constructional features of 
the postal car, and because the conditions of its serv- 
ice involve unusual difficulties in maintaining the re- 
flecting qualities of the head lining, the indirect light- 
ing system is considered decidedly impracticable for 
postal car illumination in the present state of the art. 


Loss of Illumination with Poor Reflector Cleaning Practice. 


Kn 


?. The loss in illumination due to dirty reflectors, 
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globes or lamps, is much larger than usually realized. 
Aluminumized metal reflectors which had been in 
service nine months, receiving no cleaning other than 
that usual with present practice, showed a loss in 
illumination of 30 per cent over that with new reflec- 
tors. To obtain full benefits from the use of efficient 
and scientifically designed lighting units will require 
materially higher standard of cleaning pfactice, in 
connection with which serious consideration should 
be given to the practice, at important terminals, of 
cleaning reflectors separate from the cars at a central 
point where adequate facilities can be provided. 


RECOMMENDATIONS. 

It is recommended for practice of postal car light- 
ing: 

Pirst-—That lighting units for body of car be located 
along center line. 

Second—That illumination at letter cases be pro- 
vided by separate lighting units 20 inches in front of 
face of standard case. 

Third—That all units be mounted ¥ feet 6 inches 
from floor to center of filament or gas mantle. 

Fourth—That aluminumized metal reflectors be 
used for both electric and gas lighting, one type for 
body of car, and separate type for letter cases. 

Fifth—That with Pintsch gas lighting mantle lamps 
giving approximately 80 mean horizontal candle pow- 
er be used for body of car and 30 mean horizontal 
candle power for letter cases. 


The Illumination of Postal Cars 


A Discussion of the Recent Series of Tests, With Various Installation Layouts 


ARTHUR J. SWEET 
Commercial Engineer, Holophane Works of General Electric Co. 


The issuance by the United States’ Post Office De- 
partment, on December 28, 1912, of very complete 
specifications covering the lighting of postal cars was 
an event of notable scientific interest and significance 
to the illuminating engineer, on the one hand, and of 
large practical importance to the railway electrical 
engineer and railway car builder on the other. To 
the illuminating engineer the event was notable, first, 
because this was the first example of specifications 
drawn to permit the use of any type of light unit 
whatsoever, without any discrimination except such 
as was necessarily involved in insuring that the light- 
ing service provided should be thoroughly adequate 
in all respects; and second, because here, for the first 
time, was official recognition given to the fact that 
the foot-candle intensity required for adequate illumi- 
nation varies directly according to the diffuseness of 
the illumination provided. To the railway engineer 
and car builder the event was important because the 
specifications established a definite and, in all proba- 
bility, permanent standard of postal car lighting prac- 
tice applying equally to all postal cars, by whatever 
railroad operated, and in whatever part of the United 
States. The standard established could by no means 
be considered burdensome, for it represented an in- 
stallation less costly to install and maintain than sev- 
eral of the types of installation Previously employed 
on an extensive scale by railroads of first-class stand- 
ing. The standard, while fixed and definite in mat- 


1These were embodied as paragraph 33 of the Specifications for 
the Construction of Steel Full Postal Cars, revised to Dec. 28, 1912. 


ters essentially affecting the quality of lighting serv- 
ice to be provided, was so sufficiently flexible that it 
could be fitted in without burden to the railroad’s 
standard practice in other classes of car lighting serv- 
ice. The advantages of such a standard to the rail- 
way interests and to car builders are too obvious to 
require comment. 

In order to avoid discrimination against any type 
of reflector or illuminant, yet at the same time to safe- 
guard the adequacy of the illumination results pro- 
duced, in order to make the specifications flexible and 
readily adaptable to each railway’s standard practice, 
yet at the same time not to sacrifice the quality of 
the illumination service provided, it was necessary 
that the specifications be written in terms of the re- 
sults to be achieved. Some features of the installa- 
tion could be and were definitely specified, as, for in- 
stance, the location of body of car units on the cen- 
ter line of the car and the location of letter case units 
approximately 20 inches in front of the face of the 
case. But the separation between adjacent units, for 
instance, could not be definitely specified without 
marked discrimination against one type or another 
of reflector or illuminant. Again, the mounting height 
of the light unit or the size of incandescent lamp or 
gas mantle to be employed -could not be definitely 
specified without unnecessarily hampering the adapta- 
bility of the specifications to the railway company’s 
standard practice. 

The fact that the specifications are drawn up in 
general terms of the results to be achieved has led 
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to certain difficulties, trivial for the most part, yet 
temporarily none the less real, in their interpretation 
and application to practice. It is the purpose of the 
present article to explain and rather fully comment 
on the various features of the specifications, as a 
means of assistance in their future interpretation and 
application. The writer had the privilege of assist- 
ing in the preparation of the specifications, so that 
the following comments have whatever weight may 
be derived from the most intimate knowledge of the 
data on which the specifications are based and of the 
circumstances surrounding the formulation of the 
specifications. 

For convenience in reference, the various consider- 
ations set forth are grouped under subject heads in 
the following paragraphs: 

Location of Unit. 

The arrangement of letter boxes and sack racks in 
the sack rack portion of the car is the essential con- 
structional feature which determines the location of 
the light units throughout the body of the car. Figure 
1 illustrates the considerations involved. On the one 
hand, the light units should be mounted as high above 
the floor as possible, in order to keep them as far as 
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—— CONSIDERATIONS AFFECTING 
MOUNTING HEIGHT OF LIGHT UNIT. 


possible out of the field of vision when the postal clerk 
glances up or down the car. On the other hand, it is 
obvious that the light unit must not be mounted so 
high as to throw the shadow of the paper boxes on 
the rear sack rack labels. These two. considerations 
make it necessary that the light units be mounted on 
the center line of the car, as otherwise either the 
shadow of one of the paper boxes would be thrown 
on the rear labels beneath, or else the light units 
would have to be mounted objectionably low. 

The ideal mounting height is that which throws 
the shadow of the paper boxes just barely above the 
labels. In the new standard car construction this best 
mounting height is 7 feet 6 inches, measured from the 
floor to the center of the lamp filament. 

In formulating the specifications, it was thought 
desirable to permit as much flexibility in the matter 
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of mounting height as might be given without inter- 
fering with the satisfactoriness of the installation. 
The specifications accordingly provide that the shadow 
of the paper boxes shall not be cast on the rear labels 
nor more than 3 inches above the rear labels. This 
feature of the specifications has led to a curious mis- 
understanding. In two proposed installations which 
have been laid before the writer for his criticisms, 
the mounting height has been so arranged as to bring 
the shadow 3 inches above the rear labels. The at- 
tention here called to this feature of the specifications, 
and a careful reading of the specifications themselves, 
will emphasize the fact that the 3-inch value is a limit, 
and not a specified value as to desirable practice. The 
shadow of the paper boxes should fall less than 3 
inches above the rear labels, unless there is some ade- 
quate reason in the particular railway’s standard prac- 
tice why the limit value should be employed. 

The presence of the paper boxes presents one of the 
chief obstacles to the successful employment of indir- 
ect lighting in postal cars. In the indirect system, the 
center deck headlining itself becomes essentially the 
light source. While shadows are impossible with the 
indirect system, the paper boxes shade the area di- 
rectly beneath them to a considerable degree. No 
objectionable shadows are cast on the rear labels, but 
the shading influence of the paper boxes is such that 
it is difficult with the indirect system to attain the 
specified foot candle intensities at the mouths of the 
bags, 18 inches from the sides of the car. In the 
opinion of the writer, it is the above feature, rather 
than the lower illuminating efficiency of the indirect 
system, which makes indirect lighting impractical at 
the present time for the service in question. 

The above considerations definitely locate the light 
units for lighting the sack rack portion of the car on 
the center line of the car at an approximate height of 
Y feet 6 inches above the floor, measured to the center 
of the lamp filament. Considerations of convenience 
and economy in making the installation will dictate 
that the light units in the storage portion of the car 
be likewise mounted on the center line at the same 
mounting height. This arrangement in the storage 
portion is not only the most convenient from a prac- 
tical standpoint, but gives the most satisfactory illum- 
ination results, though certain other arrangements 
could be employed without serious sacrifice. 

At the letter case, the question of shadows again 
determines where the light unit should be located. It 
is imperative that the head and shoulders of the pos- 
tal clerk shall cast no shadow on the face of the let- 
ter case nor on the letters which he holds in his hands 
while sorting. With the present standard width of 
letter case table, and assuming the light units are to 
be mounted at the same height as the units in the 
body of the car, 20 inches is the maximum distance at 
which the units can be mounted in front of the face 
of the case without casting an objectionable shadow. 
When narrower tables are used, as at the registered 
mail case, the above distance has to be made corre- 
spondingly less than 20 inches. 

It is, for obvious reasons, necessary to provide suffi- 
cient illumination at all points on the face of the case. 
Now it is a well known principle of illuminating engi- 
neering that the more obliquely the light rays strike 
any given surface, the less power they have in illumi- 
nating that surface. If the light unit be located close 
to the face of the case, its rays will strike the lower 
portions of the face of the case at a very oblique angle, 
and hence have very low illuminating power. In 
order, therefore, to adequately illuminate the lower 
portion of the face of the case, the light unit should 
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be as far as possible in front of the face of the case. 
We have seen above that it cannot be further than 
20 inches without casting an objectionable shadow. 
Twenty inches in front of the face of the case is there- 
fore the definitely-established location, when the let- 
ter case table is of the present standard width. 

The above considerations make clear that portion 
of the specifications which provide that illumination 
requirements at the letter case shall be entirely ful- 
filled by the letter case units, other units in the car 
not burning. Obviously the effect of units located 
on the center line of the car is to cast a ‘shadow of 
the postal clerk on his work, so that the light emitted 
by such units is, to all essential purposes, useless in 
illuminating the work. It may be stated in passing 
that care should be taken in locating any units on 
the center line of the car near the letter cases. The 
satisfactory illumination of the body of the car re- 
quires, in one or two types of construction, the em- 
ployment of such center line units near the cases, 
but unless the location is chosen with care, such units 
may cast somewhat annoying shadows. 

It will be obvious that if the letter case units were 
mounted considerably higher than the units for light- 
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ing the body of the car, they might be mounted more 
than 20 inches in front of the face of the case without 
producing objectionable shadow effects. Such prac- 
tice would, however, give lower illumination values 
on the face of the case. It was also considered that 
such practice would be undesirable from the stand- 
point of economy of installation and of neat appear- 
ance of installation. The specifications therefore 
definitely provide that the light units at the letter 
cases shall be mounted at the same height from the 
floor as the units in the body of the car. 


Distribution Requirements in Body of Car and at Letter Case. 
Figure 2 and Figure 3 show, respectively, the dis- 
tribution requirements in the sack rack portion of the 


‘This statement applies especially to the more usual ce of 
construction in which wing letter cases are located on tne sides 
‘of the car. It also applies, but with lesser force, to the construc- 
tion where the letter case is located at the end of the car, 


car and at the letter case. An inspection of these two 
theoretical distribution curves suggests at once that 


the satisfactory reflector for lighting the letter case 


will have to be of a different type than that employed 
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Fig. 4. Distribution Curve of Center of Car Type Reflector 
No. 128460. 


in lighting the body of the car. Extensive actual tests 
show this to be, beyond question, the case. If the 
type of reflector which is satisfactory for lighting the 
body of the car is employed at the letter case, the up- 
per third of the face of the case will be much too 
brightly illuminated while the lower third of the case 
will be decidedly too poorly illuminated. Indeed, it 
will usually be found that, if the attempt is made to 
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employ at the letter case a type of reflector suitable 
for lighting the body of the car, the maximum illumi- 
nation limits of the specifications will be exceeded 
near the upper part of the face of the case before the 
minimum limits of the specifications are reached at 
the lower part of the case. 

The theoretical requirements for lighting the letter 
case, as shown in Figure 3, are of course entirely 
impracticable of actual realization. These require- 
ments are best approximated by a reflector having a 
moderately concentrating type of distribution. This 
statement needs to be especially emphasized in view 
of the widely held but mistaken idea that an angle 
reflector will most satisfactorily meet the letter case 
illumination requirements. It will be noted (Figure 
3) that the maximum candlepower is required at an 
angle of about 15°, and that, as this angle of maxi- 
mum candle power is exceeded, the candle power 
values drop off very rapidly. It is impossible in the 
case of an angle reflector to bring about this rapid 
decrease in candle power. The tendency of an angle 
reflector is therefore to give a much too high illumina- 
tion at the middle and upper third of the face of the 
case, and a somewhat too low illumination over the 
lower third. 
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Fig. 5. Distribution Curve of Letter Case Type Reflector No. 18470. 


Figures 4 and 5 are the curves oft actual postal car 
lighting reflectors designed to approximate as closely 
as practicable the theoretical curves of figures 2 and 3. 

Since the illumination requirements at the letter 
cases call for a concentrating type of light distribu- 
tion, the satisfactory reflector at the letter case must 


1A full discussion of this subject will be found in the writer’s 
paper, ‘‘Reflecting Media,’’ appearing in the January, 1913, issue 
of the Railway BHlectrical Engineer. 
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act according either to the Law of Specular Reflec- 
tion or to the Law of Spread Reflection.1 The only 
reflectors which reflect in accordance with either of 
the above laws are the aluminumized metal reflector, 
the prismatic reflector (clear or satin finished), and 
the mirrored glass reflector. In other words, satisfac- 
tory illumination at the letter case can only be pro- 
vided by one of the above types of reflector. It is 
absolutely impossible to design any other type, such 
as the porcelain enameled metal reflector, for instance, 
so as not to produce an undesirably high illumination 
on the upper face of the case while giving, at the 
same time, an insufficient illumination on the lower 
face. 

Size of Unit. 

The extensive tests which have been made in postal 
car lighting have demonstrated that satisfactory uni- 
formity of illumination may be produced in the sack 
rack portion of the car up to a separation of about 
8 feet between adjacent units. The idea held by some, 
that smaller units than the 50 watt tungsten filament 
lamp are required in order to produce satisfactory uni- 
formity, is thus shown to be erroneous. Equally sat- 
isfactory illumination results can be produced with 
the 50 watt lamp and with any of the smaller sizes of 
lamp. The only advantage in using the smaller sizes 
of lamp is that of.a slight decrease in total wattage 
required, this decrease resulting from the greater econ- 
omy of arrangement made possible with the smaller 
unit. Against this saving in wattage must be weighed 
the disadvantage of a considerably higher installation 
and maintenance cost, resulting from the use of the 
larger number of separate units. From an illumina- 
tion standpoint, the results are equally satisfactory 
whether the 50 watt lamp or a smaller lamp be em- 
ployed; but it is the firm belief of the writer that the 
advantages in decreased installation and maintenance 
costs will gradually lead to the all but universal adop- 
tion of the 50 watt lamp in electrical postal car light- 
ing practice. 

In Pintsch gas installations, the tests on postal car 
lighting have shown that mantle No. 3044 is the most 
satisfactory size of mantle for the body of the car, 
while mantle No. 2640 is the most satisfactory size at 
the letter cases. 

Installation Layouts. 

Several railway engineers have expressed regret that 
the specifications do not definitely specify the separa- 
tion between adjacent units. It would, of course, be 
impossible to so specify the separation without dis- 
crimination as between different types of reflector 
equipment. The more satisfactory types of reflector 
equipment permit, with fully as good illumination re- 
sults, a separation twice as great as that permitted by 
the least satisfactory types, the same lamps being used 
in both cases. Obviously, if the specifications were 
to cover spacing values, and these were to be based on 
the least satisfactory reflector equipment, the more 
satisfactory reflectors would be discriminated against, 
and railroads employing them would be penalized by 
being forced to put in twice as many units as would 


Layout for 60 ft. Postal Car Using 50 Watt Mazda Lamps With Holophane D’Olier Aluminumized Metal Reflectors. 


(All Units Mounted 7 ft. 6 ins, Above the Floor Measured to the Center of Lamp Filament.) 
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Fig. 7. Layout for 60 ft. Postal Car Using 25 Watt Mazda Lamps With Holophane D’Olier Aluminumized Metal Reflectors. 
(All Units Mounted 7 ft. 6 ins. Above the Floor Measured to the Center of Lamp Filament.) 
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Fig. 8. Layout for 60 ft. Postal Car Using 15 Watt Mazda Lamps With Holophane D’Olier Alumniumized Metal Reflectors. 
(All Units Mounted 7 ft. 6 ins. Above the Floor Measured to the Center of Lamp Filament.) 
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Fig. 9. Layout for 60 ft. Postal Car Using Pintsch Gas Mantle No. 3044 and No. 2640 with Holophane D’Olier Aluminumized Metal 
Reflectors. 


(All Units Mounted 7 ft. 6 ins. Above the Floor Measured to the Center of the Mantle. ) 
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Fig. 10. Layout for 50 ft. Postal Car Using 50 Watt Mazda Lamps With Holophane D’Olier Aluminumized Metal Reflectors. 
(All Units Mounted 7 ft. 6 ins. Above the Floor Measured to the Center of Lamp Filament.) 
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Fig. 11. Layout for 50 ft. Postal Car Using 25 Watt Mazda Lamps With Holophane D’Olier Aluminumized Metal Reflectors. 
(All Units Mounted 7 ft. 6 ins. Above the Floor Measured to the Center of Lamp Filament.) 
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(All Units Mounted 7 ft. 6 ins. Above the Floor Measured to the Center of Lamp Filament.) 
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Fig. 13. Layout for 50 ft. Postal Car Using Pintsch Gas Mantle No. 3044 and No. 2640 With Holophane D’Olier Aluminumized Metal 
eflectors, 


(All Units Mounted 7 ft. 6 ins. Above the Floor Measured to the Center of the Mantle. ) 
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Layout for 40 ft. Postal Car Using 50 Watt Mazda Lamps With Holophane D’Olier Aluminumized Metal Reflectors. 
ft. 6 ins. Above the Floor Measured to the Center of Lamp Filament.) 
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Layout for 40 ft. Postal Car Using 25 Watt Mazda Lamps With Holophane D’Olier Aluminumized Metal Reflectors 
ft. 6 ins. Above the Floor Measured to the Center of Lamp Filament.) 
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Layout for 40 ft. Postal Car Using 15 Watt Mazda Lamps With Holophane D’Olier Aluminumized Metal Reflectors 
ft. 6 ins. Above the Floor Measured to the Center of Lamp Filament.) 
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Fig. 17. Layout for 40 ft. Postal Car Using Pintsch Gas Mantle No. 3044 and No. 
Reflectors. 


(All Units Mounted 7 ft. 6 ins. Above the Floor Measured to the Center of Lamp Filament.) 
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Fig. 18. Layout for Compartment Postal Car Using 50 Watt Mazda Lamps With Holophane D’Olier Aluminumized Metal Reflectors. 
(All Units Mounted 7 ft. 6 ins. Above the Floor Measured to the Center of Lamp Filament.) 
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Fig. 20. Layout for Compartment Postal Car Using 15 Watt Mazda Lamps With Holophane D’Olier Aluminumized Metal 
(All Units Mounted 7 ft. 6 ins. Above the Floor Measured to the Center of Lamp Filament.) 
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otherwise be the case. On the other hand, if spacing 
values were based on the most satisfactory type of 
reflector, all other types would be eliminated from 
consideration. 

The writer believes that the problem of supplying 
railway engineers and car builders with exact installa- 
tion data, requiring no specialized illumination knowl- 
edge to interpret, will prove to be a relatively simple 
one. It will be an easy matter to provide exact in- 
stallation layouts for the two or three most satisfac- 
tory types of reflector equipment. Such layouts will 
doubtless meet all necessities, as it is highly improb- 
able that any railroad will care to use such types of 
reflectors as have been found, in the thorough re- 
search which has been made into postal car lighting, 
to be the least suitable for this service. 

In another part of this issue is published a series of 
installation layouts applying to the aluminumized 
metal reflector type. 


Screening Angle. 

The postal clerk at work in the sack rack portion of 
the car has frequent occasion to turn round in order 
to deposit postal matter in the bags behind him. When 
he does so turn around and glances, perhaps, up or 
down the car, his eyes should be protected from any 
danger of seeing the bare lamp filament or the bare 
mantle. For this reason, the specifications provide 
that no portion of the bare lamp filament or the bare 
mantle shall be visible to the eye when the unit is 
observed at an angle of 70° or greater from the nadir. 
The general use of wing cases makes such specifica- 
tions unnecessary as applying to letter case units, since 
the case itself screens the unit from the vision of one 
working in the sack rack portion of the car, while the 
location of the unit itself places it outside of the field 
of vision of one working at the letter case. 

It was considered sufficient to limit the imperative 
portion of the specifications regarding screening to the 
provision that the bare lamp filament or bare mantle 
should not be visible when the unit is observed at an 
angle of 70° or greater from the nadir. It will be, how- 
ever, evident that an objectionable condition will ex- 
ist if the lower part of the reflector appears brilliantly 
illuminated, when the postal clerk glances up or down 
the car. For this reason, the specifications state that, 
in general, light units are preferred which emit no 
light or only a small amount of light between the 
angles of 50° and 100° from the nadir. Reference to 
Figs. 2 and 3 show that the requirements of the ser- 
vice demand very little light above the 50° angle. The 
maximum possible reduction in the light emitted above 
50° need not, therefore, interfere in the least with ob- 
taining the proper illumination intensity and uniform- 
ity results. 

Research work has established to a high degree of 
probability that all light entering the eye within 25° 
with the line of vision reduces the capacity of the eye 
to see. If, therefore, it be assumed that the line of 
vision is never raised above the horizontal, a unit giv- 
ing no flux above 65° could not directly decrease the 
capacity of the eye to see (note 90° — 25° = 65°). 
If it be assumed that the line of vision may sometimes 
be raised 15° above the horizontal, the light unit 
should give as little flux as possible above the angle 
of 50°, in order to leave the eye in a condition of max- 
imum efficiency. These considerations explain the 
preference expressed in the specifications for a unit 
emitting as little light as possible above the 50° angle, 
and emphasize the importance of regarding the pref- 
erence thus expressed. 

The aluminumized metal reflector, the porcelain 
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enameled metal reflector, and the mirrored glass re- 
flector have the advantage that they transmit no light 
whatsoever. It is, therefore, more completely possible 
with these types of reflectors to reduce the light emit- 
ted at angles above 50°. The lack of diffuseness of 
illumination, later to be discussed, which character- 
izes the porcelain enameled and mirrored reflectors, 
does not characterize the aluminumized metal reflector. 
This fact is here mentioned in order that, when the 
relative qualities of different types of reflectors are 
later discussed in this article, the advantage of the 
aluminumized metal reflector in throwing little or no 
light into the eyes of the postal clerk when he looks 
up or down the car will not be forgotten. 


Discrimination Between Different Classes of Reflector. 

It has for some time been realized by illuminating 
engineers that the intensity of illumination required for 
efficient visual work varies according to several fac- 
tors,—notably according to the diffuseness of the illu- 
mination provided, the nature of the light-giving or 
light-receiving objects throughout the entire field of 
vision, and the character of the work itself. One of 
the most important of these determining characteristics 
is that of the diffuseness of the illumination provided. 
The following explanation may not be amiss as ex- 
plaining why a diffuse condition of illumination per- 
mits of satisfactory vision at a lower intensity than an 
illumination less diffuse. 

When we look into a high-grade mirror, the mirror 
itself is invisible, and we see only the objects reflected 
by it. Let us now suppose that the paper which we 
are reading (or the letters which the postal clerk is 
sorting) is thickly strewn with minute mirror surfaces. 
These mirror surfaces will themselves be invisible, but 
will each reflect a minute portion of the surroundings 
in the room. If they happen to reflect brilliant light 
sources, they will produce an effect similar in kind, 
though of course lesser in degree, to that occurring 
when one looks directly at the light sources them- 
selves, We all realize that looking directly at bright 
light sources materially reduces the capacity of the 
eye to see. Hence it follows that the presence of such 
numerous minute mirror surfaces on our paper may 
appreciably cut down the capacity of the eye to see. 
If all the illumination on our paper is derived from 
intensely bright light sources instead of by indirect 
lighting from the ceiling, or instead of from larger 
and less brilliant light sources, this effect in cutting 
down the capacity of the eye to see may become very 
considerable. The fact that such minute reflections 
occur almost directly along the line of vision very 
materially, of course, increases the effect produced 
by them. : 

Now such mirror-like or specularly reflecting sur- 
faces are present in the case of practically all papers. 
If the paper is entirely unglazed, the amount of such 
specularly reflecting points is tremendously reduced; 
but there is convincing evidence that such minute 
specular reflecting surfaces are present in practically 
all cases, even when they cannot be detected by mere 
observation. 

In the case of a mirrored or silvered-glass reflector, 
the illumination produced by it is derived from the 
brilliant lamp filament itself or from relatively small 
portions of the reflector which are brilliantly illumi- 
nated. In technical terms, ‘therefore, the illumina- 
tion given by such a light unit is very non-diffuse. 
When our paper, which we will remember has at least 
a considerable number of the minute specularly re- 
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images of the brilliant lamp filament or the brilliant 
spots on the reflector surface, and the capacity of the 
eye to see is materially reduced. To off-set this, we 
have to increase the intensity of illumination pro- 
vided. As a matter of fact, such increase in inten- 
sity of illumination does not entirely compensate for 
the influence of the specularly reflected light. It does 
permit us for the moment to see equally well; but the 
conditions are such as to produce a greater degree of 
fatigue than would be the case with a more diffuse 
illumination and a correspondingly lower intensity of 
illumination. 

In the case of a clear prismatic reflector, the reflect- 
ing surfaces are rather brilliantly illuminated, though 
not so brilliant as in the case of the mirrored reflector. 
The tendency of the reflected light from the pris- 
matic reflector is therefore such as to produée an il- 
lumination rather non-diffuse in character. The pris- 
matic reflector, however, permits a _ considerable 
amount of light to pass through it and fall upon the 
ceiling, the light being thence reflected downward. 
Now the effect of light reflected from the ceiling is to 
produce an illumination highly diffuse in character. 
The net effect, therefore, of the prismatic reflector is 
to produce an illumination moderately diffuse in char- 
acter. 

Light density or medium density opal reflectors pro- 
duce an illumination similar in the matter of diffuse- 
_ ness to that of,the prismatic reflector. Such opal re- 
flectors, if at all glazed inside, show on the reflecting 
surface brilliant lines which are the images of the lamp 
filament. These comparatively brilliant reflections of 
the lamp filament tend to produce an illumination non- 
diffuse in character. On the other hand, the effect of 
the light transmitted through the reflector and re- 
flected from the ceiling is to produce a diffuse illumi- 
nation. The net effect as to diffuseness of illumina- 
tion is, therefore, very similar to that of the prismatic 
reflector—probably slightly more diffuse than the clear 
prismatic reflector and undoubtedly less diffuse than 
the satin-finished prismatic reflector. 

In the case of the porcelain enameled metal reflector, 
the reflection from the enamel particles themselves is, 
of course, diffuse in character. Such porcelain enam- 
eled reflectors, however, always have a considerable 
glaze, and hence show well-defined and comparatively 
brilliant images of the filament. On the other hand, 
they transmit no light toward the ceiling, so that there 
is no ceiling reflection to increase the diffuseness of 
the illumination produced. The net effect, therefore, 
of the porcelain enameled metal reflector is to give 
an illumination very considerably less diffuse than that 
given by a prismatic or opal reflector, though more 
diffuse than that given by the mirrored reflector. 

In the case of an aluminumized metal reflector, the 
entire interior surface is illuminated to an approxi- 
mately uniform brilliancy. There are no images what- 
soever of the lamp filament. This tends to produce 
an illumination moderately diffuse in character. On 
the other hand, there is no light transmitted to the 
ceiling. The net effect of the aluminumized metal 
reflector is, therefore, to give an illumination about 
equal in diffuseness to the clear prismatic or to the 
opal reflector with glazed interior surface, and some- 
what less diffuse than the satin-finished prismatic or 
depolished opal. 

Indirect lighting, of course, gives an illumination of 
the maximum diffuseness which we know how to pro- 
duce in the present state of the art. It, therefore, pro- 
duces an illumination under which adequate vision 
can be accomplished at a lower intensity and with less 
fatigue than with any direct lighting system. 
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The preceding paragraph applies only to the truly 
indirect lighting system. Several so-called indirect or 
semi-indirect systems are on the market which in no 
sense of the word deserve to be styled as such. The 
essential feature of the indirect lighting system is not 
that the light ray starts first in an upward course and 
is then reflected in the downward direction, nor in 
that the lamp filament is concealed from view. The 
essential feature of the indirect lighting system is that 
a large, diffusely-reflecting surface, such as the ceil- 
ing, is illuminated to a low brilliancy. All the ad- 
vantages of the indirect system arise from this feature. 
Any so-called indirect system, therefore, which does 
not embody the above feature is improperly styled. 

The above paragraphs set forth the theoretical an- 
alysis of the different types of light unit relative to 
Ex- 
tensive test data taken in connection with a recent re- 
search on postal car lighting strongly substantiates 
the above analysis. This test data indicates that, 
where the mirrored reflector, porcelain enameled metal 
reflector, or the heavy density opal reflector with 
glazed reflecting finish is used, the illumination re- 
quired for adequate vision is about 23 per cent higher 
than that required where the prismatic reflector, me- 
dium or light density opal reflector, or aluminumized 
metal reflector is employed. It was this test data, cor- 
roborated by the limited experimental data previously 
available on this subject and by the theoretical an- 
alysis of the case, that led to basing the intensity re- 
quirements of the specifications on the mirrored, the 
porcelain enameled, and the heavy density opal re- 
flectors, and giving a bonus of 20 per cent for other 
types of direct lighting unit, and a 40 per cent bonus 
to the indirect lighting system. 


Comparative Merits of Different Types of Reflector. 

It is believed that the four main qualities, upon 
which the suitability of a reflector for postal car light- 
ing surface must be judged, are (a) relative effect in 
minimizing eye-strain, (b) relative efficiency, (c) rel- 
ative amount of maintenance attention required, and 
(d) relative liability to breakage. In all these quali- 
ties, except that regarding maintenance, the aluminum- 
ized metal reflector stands at or near the head of the 
list. 

Of course, the four factors listed above are not of 
equal importance. Effect on eye, efficiency, and clean- 
ing considerations are unquestionably more important 
than the question of breakage. Effect on eye and 
efficiency seem to the writer more important than 
either maintenance or breakage considerations. On 
any relative weighting values of the above factors 
which could be justified as reasonable, the aluminum- 
ized metal reflector will be found to stand first as the 
most satisfactory type. 

As has been previously pointed out in this article, 
it is practically impossible to meet the requirements 
of the specifications at the letter case except by the 
use of the aluminumized metal reflector, the prismatic 
reflector, or the mirrored reflector. 

The aluminumized reflector is about 10 per cent more 
efficient than the porcelain enameled metal reflector, 
due to the more diffuse character of the illumination 
given by it. The specifications give the aluminumized 
reflector an advantage of 20 per cent over the porce- 
lain enameled reflector. The aluminumized metal re- 
flector has therefore a total advantage of about 30 per 
cent over the porcelain enameled reflector. In order, 
therefore, to meet the specifications, the porcelain 
enameled reflector must be spaced closer than the 
aluminumized reflector in the sack rack and storage 
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portions of the car—in short, it is impracticable, if 
not impossible to meet the provisions of the specifica- 
tions at the letter case, if a porcelain enameled re- 
flector be used, while the use of this type in the body 
of the car requires, in a 60 ft. car, an increase of from 
50 watts to 100 watts above that required if the alum- 
inumized type of reflector were employed. _ 

The writer believes the above considerations will 
lead to the practically universal adoption of the alum- 
inumized reflector type in postal car lighting. 

The one objection to the aluminumized metal type 
is that it requires careful attention as to maintenance. 
Under average conditions of service, the reflector 
should be taken down from the socket and thoroughly 
cleaned about once every four months. Of course, the 
frequency which such thorough cleanings are required 
will vary considerably, under various conditions of 
service, from the average values above given. In ad- 
dition to the above thorough cleanings, the aluminum- 
ized reflector should be wiped out with waste or a 
soft cloth, but without removing from the socket, at 
least once a month. 

In cleaning the aluminumized metal reflector, the 
reflector should be washed in soapy water with a soft 
cloth, after which it should be thoroughly rinsed in 
clean water and wiped dry with a soft cloth. If these 
cleaning directions are followed, the aluminumized sur- 
face of any good make of this type of reflector will 
last for many years. The aluminumized metal type of 
reflector is as adaptable to Pintsch gas lighting as to 
electric lighting service. Such aluminumized metal 
reflectors for Pintsch gas lighting have already been 
developed. It may be stated in passing that the speci- 
fied jighting requirements at the letter case cannot be 
met when the well-known Corona type of reflecting 
and diffusing globe is employed. 


Required Intensities. 


Extensive test data, taken in connection with recent 
researches on postal car lighting, has shown that ap- 
proximately 2.25 f. c. is the minimum intensity satis- 
factory for continuous close work in this class of serv- 
ice. This figure of 2.25 f. c. represents the average of 
all direct lighting units tested. The mirrored, porce- 
lain enameled, and heavy density opal reflectors re- 
quired slightly less than 2.50 f. c., while the other types 
of direct lighting unit required about 2.00 f. c. It 
was decided, therefore, in order to be on the safe 
side, to require, for points in the car where long-con- 
tinued close work was to be performed, a minimum 
service intensity of 2.25 f. c. when the more satisfac- 
tory types of direct lighting unit were used. Since 
the specifications were to be based on the mirrored, 
porcelain enameled, or heavy density opal types, and 
a 20 per cent bonus allowed for the more satisfactory 
types, 2.80 f. c. became the specified minimum intensity 
for points in the car where continued work has to be 
performed. 

In the storage portion of the car, close work has to 
occasionally be performed for comparatively brief 
periods. In preparing the specifications, the writer’s 
judgment was accepted that 1.20 f. c. with the more 
satisfactory types of direct lighting unit, or 1.50 f. c. 
with the less satisfactory types of unit, was an ade- 
quate minimum for these conditions of service. 

At the mouth of the bags, and on the face of the 
letter case, the visual work performed is continued for 
comparatively long periods, but this visual work js 
not close in character. It was the writer’s recom- 
mendation that 1.00 f. c. with the more satisfactory 
types of direct lighting system, or 1.25 {. ¢. with the 
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less satisfactory types, was a satisfactory minimum 
service intensity. This recommendation was adopted 
in preparing the specifications, with the exception that 
the specified minimum at mouth of the bags was in- 
creased to 1.50 f. c., since it was found that this could 
be done without entailing any hardships. In other 
words, the installation which would meet the specified 
requirements down the center of the car would, of 
practical necessity, meet the value finally decided upon 
and employed in the specifications for illumination at 
the mouth of the bags. 

The determinations of minimum service intensities 
required was made by day in a darkened postal car. 
In other words, the subjects came into the car from 
the daylight outside, and hence with their eyes adapt- 
ed to daylight conditions. This tended to make the 
test show a higher minimum value than would have 
been the case if the tests had been run entirely by 
night. On the other hand, it might reasonably be sup- 
posed that the vibration of the running car would 
make necessary a higher intensity of illumination than 
would be sufficient in a stationary car. Continuous 
test by a crew of eight on an all-night run showed 
that the effect of the test having been made in a 
darkened car by day more than off-set whatever dis- 
advantages might arise from the vibration of the mov- 
ing car. In other words, the intensities derived as 
above recorded are believed to be sufficiently adequate 
for the conditions of service in the running car 
throughout the night run, 


Maximum and Minimum Densities. 


To the illuminating engineer it will be a matter of 
interest to note that the new postal car lighting speci- 
fications contain no provisions as to required uniform- 
ity of illumination. Instead, the specifications provide 
maximum and minimum limits within which the in- 
tensity values must come. The writer believes that 
the substitution of a maximum and minimum specifi- 
cation for a uniformity specification is wholly desira- 
ble practice, and may well be extended to other fields 
of service than postal car lighting. Lack of uniform- 
ity in illumination is not to any important degree ob- 
jectionable, providing the changes in intensity are not 
too abrupt, and providing further that the minimum 
value does not fall below, nor the maximum value ex- 
ceed certain proper limits. 

The writer’s view-point in this particular will be 
made clear by a specific instance. Let us suppose a 
given room to be illuminated with practically perfect 
uniformity except that one portion of the room, com- 
prising, say, one-sixth of the entire area, is under- 
illuminated or over-illuminated. Since the uniformity 
figure represents an average of all points in the room, 
the uniformity value for the particular instance as- 
sumed would appear highly satisfactory ; yet the actual 
results would be much less satisfactory than would be 
the case if the room were illuminated to a lesser uni- 
formity, but with no considerable area exceeding prop- 
er maximum and minimum limits. 


As far as the question of abrupt changes in illum- 
ination intensity is concerned, this consideration is 
more theoretical than practical. With such types of 
light unit as are generally employed, it is highly un- 
likely that abrupt changes in illumination intensity 
will be made unless the production of such abrupt 
changes is intentionally sought for. 

In short, it is the writer’s contention that uniformity 
specifications have little meaning until maximum and 
minimum specifications are also included and where 
such maximum and minimum specifications are in- 
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eluded, the uniformity specification has a negligible 
value and meaning. 


Service Depreciation Allowances. 


The best car lighting maintenance to be found in 
American railroad practice at the present date repre- 
sents a service depreciation of about 40 per cent. That 
is to say, taking any car in service at random, the 
average illumination values will not be found under 
service conditions to have dropped more than 40 per 
cent below the initial installation value where the 
reflectors were clean, the lamps new, the head-lining 
fresh, and the battery at exactly correct voltage. This 
statement of course excepts those occasional service 
conditions which are regularly counted as complete 
light failures. 

Average railroad practice of the present time prob- 
ably represents a service depreciation factor of 50 per 
cent. The 40 per cent value referred to above applies 
only to the best of present practice. 

In view of the above facts, the initial installation 
values of the specifications were made such that a 40 
per cent deterioration from the initial intensity would 
just bring the intensity value to the amount previous- 
ly determined as the minimum permissible service in- 
tensity. It will, of course, be realized that the ma- 
jority of railroads, whose present practice in car light- 
ing maintenance does not insure the attainment of a 
service depreciation factor as low as 40 per cent, must 
either put in an initial installation giving in excess of 
the installation values of the specifications or else must 
improve their maintenance practice up to a point equal 
to that of the foremost railway practice of the present 
time. 


General Conclusions. 


The new postal car lighting specifications, and the 
very complete technical data on postal car lighting at 
present available, have brought the subject of postal 
car lighting to the point of a quite definitely estab- 
lished standard. The data available has shown that 
the aluminumized metal reflector better meets, by a 
very considerable degree, the requirements of the serv- 
ice than any other type of reflector. The data further 
shows that the 50 watt lamp, the use of which is 
favored by many practical considerations, will give 

results equally as satisfactory as those obtained with 
the smaller sizes of lamps. Again, it was shown that, 
providing the proper type of reflector is employed, the 
Pintsch gas system will give equally as satisfactory 

jllumination results as the incandescent electric sys- 
tem. The data has established with great exactness 
a standard arrangement of light units, thus obviating 
a considerable source of annoyance to railway engi- 
neers, car builders and railway mail service executives. 
Finally the test data has definitely ‘established that 
adequate lighting of postal cars can be accomplished 
without entailing upon the railroad interests any bur- 
densome requirements whatever, either in increased 
energy consumption or in increased cost of installa- 
tion. The formal issuance by the Post Office Depart- 
ment of the new specifications obviously implies con- 
currence in the above conclusions and a hearty desire 
to impose no burdens whatever upon the railway in- 
terests other than those made necessary by the neces- 
sity of insuring adequate lighting service. 

It is the earnest belief of the writer that the experi- 
ence of the future in applying the new postal car 
lighting specifications to postal car lighting practice 
will generally call forth from railway exectitives a de- 
served appreciation of the broad-mindedness and far- 
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sightedness of those railway engineers and railway 
mail service executives whose co-operation has served 
to make the issuance of these specifications possible. 


THE PIONEER TRAIN LIGHTING ASSOCIATION OF 
ST. LOUIS. 


As announced in our last issue, the Pioneer Train 
Lighting Association of St. Louis is conducting a 
“Questions and Answers,” department in connection 
with its monthly meetings, and in order that all inter- 
ested may receive the benefit of this information we 
will publish in each month’s issue the questions and 
answers received. : 

Questions and answers received at the meeting are 
as follows: 

Question 1. Is it possible to take two negative ele- 
ments changing one to positive and have an operating 
battery? 

Answer—Take two negative elements, put them to- 
gether in a tank with electrolyte and charge them. The 
current flowing from the positive through the elec- 
trolyte to the negative will produce a chemical action 
in the plate connected up as positive, changing the 
active material (formerly spongy lead) to lead _per- 
oxide. This peroxide is the active material of the 
positive plate and after all the spongy lead has been 
converted to peroxide the plate is a regular positive 
plate. 

Question 2. Shoulda pilot lamp for axle generator 
be fused? If so, why? 

Answer:—Pilot lamps are generally connected 
across the positive field and negative generator. Al- 
though some times they are connected the positive 
machine and positive field. It is a good policy to use 
a receptacle so that a fuse can be placed in the pilot 
lamp circuit. In certain cases where pilot lamps have 
not been fused this has been the cause of fire due to 
short circuited pilot lamp with an over rated machine 
fuse. 

Question 3. Is it good practice to wash battery 
boxes after flushing battery? . 

Answer:—Different conditions require different 
practice. With the old type unsealed batteries which 
slopped a good deal, dust and sand which comes 
through the vent holes in battery boxes mixes with 
the acid and in time form spongy coatings over the 
tanks. With the sealed type battery dust and sand 
comes through the vent holes and often times can be 
brushed out dry. However, it is a good plan to wash 
out battery boxes with water for the reason that it 
weakens the acid that comes in contact with the wood 
so that it does not eat the wood and does not destroy 
battery connections and roller brackets on battery 
parts. Allow the battery box to dry out thoroughly 
after washing and flushing. This practice will eli- 
minate grounded battery. 


“ELECTION,” NEW HOUSE ORGAN OF 
CENTRAL ELECTRIC CO. 


This is the title of the new house organ of the Central 
Electric Company, first issue of which appeared in 
February, 1913. This first issue is a worthy little pub- 
lication and it is far different from the loose leaf cata- 
log proposition of so many house organs. It is a min- 
jature magazine, well edited, and contains some in- 
teresting articles. The February issue contains a com- 
plete description of the new C. Bunge ORy. office 
building. This is one of the biggest installations for 
indirect lighting in the country. 
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Motor Talk No. 5 
ALTERNATING CURRENT MOTORS. 


The differences and similarities between direct cur- 
rent and alternating current motors are frequently mis- 
understood, whereas the matter is really comparative- 
ly simple. We hear a great deal about reactance, im- 
pedance, inductance, capacity and the other weird phe- 
nomena of alternating current circuits and apparatus, 
but after all they are as harmless as any other bug- 
bears. So let us put on our glasses and look at al- 
ternating current motors fearlessly for a little while 
and see just what they are like. 


What is an alternating current, anyway, and where- 
in does it differ from a direct current? Perhaps the 
answer to that question will help a little. An alter- 
nating current is one which flows out from a gener- 
ator, around the circuit in one direction and back to 
the generator, and then reverses and flows back 
through the circuit, in the opposite direction, and to 
the generator again. In order to do this it is evident 
that, starting at zero value, it must gradually (but 
rapidly) increase to its maximum (highest) value in 
one direction before it will do much work, and then 
drop to zero again before it can reverse and flow back 
again in the other direction, and do more work. 


A direct or continuous current is one which flows al- 
ways from the generator out through the circuit, in one 
direction, and to the generator. There is no reversal 
or alternation of the direction of flow, nor is there any 
change of value. This is due to the fact that the com- 
mutator on the direct current machine only allows that 
current to flow which is in the right direction, and 
chokes back or cuts off that tending to flow in the op- 
posite direction. 


The current generated inside a dynamo is always 
alternating in character, due to the passing of the 
armature windings through the magnetic fields of north 
and south poles (positive and negative) alternatively, 
and that is why a commutator must be attached to 
rectify or control the flow of current. 


Before taking up the principal characteristics of a. c. 
motors generally, let us first consider the alternating 
current itself a little more in detail and be sure we 
understand that. Did you ever watch a steam engine 
working, and see how the piston rod is forced in and 
out by the steam? And how the direction of rotation 
of the crank shaft and driving wheels is the same when 
the piston-rod is moving out as it is when the rod is 
moving back again? That is because suitable means 
are provided in the cranks and connecting rods to 
transform the movement of the piston into a direct or 
continuous movement of the shaft in one direction. 
The action of an a. c. motor is very similar, 

Referring to Figs. 23, 24, 25, we can see the simi- 
larity between three well known kinds of steam en- 
gines and the three principal kinds of a. ¢. machines, 
single-phase, 2-phase or quarter-phase and 8-phase. 
Fig. 23 indicates a single cylinder engine, and com- 
pares with the single-phase system because work is 
done first in one direction and then in the other, with 
zero points at the instant of change or crossing cen- 


ter, and yet the direction of rotation of the shaft or 
driving member is always in the same direction, as 
with a motor. 

Fig. 24 shows a 2-cylinder engine, and compares with 
the 2-phase system because there are two sets of im- 
pulses for each revolution or cycle (two each way). 
Since the cranks are set at right angles (90°), one 
piston (impulse) is doing its maximum work while 
the other is at zero (passing center line). The effect 
is of an almost continuous pressure in the direction of 
rotation, as with a 2-phase motor, in spite of the re- 
versal of direction of travel of the energy (steam in 
the cylinders.) 
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With a 3-cylinder engine, Fig. 25, we get a condition 
similar to that in the 3-phase system. Here we have 
3 cranks set at 120° apart; one moving out, a second 
just passing center (zero pressure) and the third mov- 
ing back. In a 3-phase alternating current electric 
System we have three sets of impulses ; one increasing 
in value in one direction, a second passing through the 
zero point and third falling off in value in the reverse 
direction. During each cycle of operation we get 6 
impulses or pressure changes, 3 in each direction. 
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The principal parts of an alternating current motor 
are the stator or stationary part (usually called the 
field or frame) and the rotor or rotating part (usually 
called the armature). So far, our description might 
apply to any sort of motor. But, in this particular 
case there is no electrical connection between the ar- 
mature and field circuits, whereas with direct current 
motors the field windings must be energized from the 
same source as the armature windings. 

In other words, an alternating current motor is like 
a transformer, and the current in the primary or stator 
coils sets up or induces a current in the secondary or 
rotor coils (through the action of the magnetism), 
this induced current reacting on the field and causing 
the armature to revolve. This same effect is present 
in transformers, and the tendency for the coils to 
move in relation to each other sometimes causes trou- 
ble. In fact, coils have been known to jump right out 
through the casing of transformers when not properly 
fastened. 

One of the principal points of difference between 
direct and alternating current motors lies in the fields. 
With direct current (d. c.) motors the field windings 
are energized always in the same direction, and the 
poles are always either north or south (positive or 
negative), whereas with alternating current (a. c.) 
motors the field windings are alternately energized by 
currents in opposite directions, and consequently are 


continually changing or alternating the polarity. 
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Fig. 26. Rotation of Magnetic Field. 


With d. c. motors the commutator allows the line 
current to flow into the armature coils in such a way 
that the effect of the continuous magnetic field will 
cause the armature to rotate in the proper direction. 
Since a. c. motors (with one exception) have no com- 
mutators, and since the field polarity is continually 
changing, some other provision must be made to cause 
the armature to rotate and in the proper direction. 
Unless this is done the tendency would be for the 
armature to rock back and forth as the field changed, 
and it would be useless as a means for driving ma- 
chinery. 

In order to take advantage of the changing direc- 
tions of flow of current, and shifting polarities of mo- 
tor fields, a. c. motor windings are placed on the fields 
in such a way that the changes of polarity take place 
regularly and always in the same direction. By doing 
this, a “rotating field” is set up which causes a series 
of polarity changes to move around the frame always 
in the same direction, and since the armature wind- 
ings also have currents induced in them which form 
poles in the armature core, there is a reaction set up 


RAILWAY ELECTRICAL ENGINEER 299 


which causes the armature to turn in the same direc- 
tion as the “rotating field.’ It must be understood 
that the frame does not move, but simply the mag- 
netic field created by the current flowing in the wind- 
ings of the stator. That moves around or changes its 
position in the frame. 

Reference to Fig. 26, letters A to E, will show how 
this takes place. These show, as diagrams, a 2-phase 
motor with the armature represented as a two-pole 
armature or compass needle. At the moment of start- 
ing, let us assume the upper pole to be a north or posi- 
tive pole. The field windings are placed in such a 
way that the opposite pole is a south or negative pole 
at the same instant, and is energized by the same 
phase or line of the system. Since the energy in one 
phase of a 2-phase system is at zero when the energy 
in the other is at maximum, the two side poles in this 
example will be dead for an instant’ because their 
windings are connected to the other phase. 

Owing to the constantly changing values in the two 
phases, first increasing from zero to maximum in one 
direction and then falling off, passing through zero 
and then rising to maximum in the opposite direc- 
tion, in each phase (the same as the steam pressures 
during each stroke of each piston in a 2-cylin- 
der engine), there will be a gradual shifting or 
rotating of the magnetic field in the frame of the mo- 
tor as indicated by the figures. As the field changes, 
the needle or armature will also rotate in order to 
follow the field around. 

Fig. 26-F shows a six pole armature in place with 
the windings around the pole pieces. Each coil of the 
armature is shown short circuited on itself as it is 
customary to make each one a closed circuit and in- 
dependent of the others, as will be explained later. 
Regarding the number of poles and the arrangement 
of the coils it is evident that if a motor is made with 
a small number of poles, each pole with a single coil, 
that the spaces between the poles will be large. 
Whereas, if we have a large enough number of poles 
each of them must be small, in order to get 
them in a frame of reasonable size, and the 
spaces between also become so small that we call them 
slots. Then, also, the windings or field coils become 
small and are distributed around the frame in the slots 
in such a way that magnetic poles are formed embrac- 
ing several slots. The same principle applies to arma- 
tures, and this practice explains another great differ- 
ence between a. c. and d. c. motors. 

In future articles of this series we will take up the 
various types of a. c. motors in detail and explain their 
actions and characteristics, in the hope that some of the 
mystery surrounding them may be dispelled. 


BATTERY-CHARGING MOTOR-GENERATOR 
SETS FOR RAILWAY WORK. 

Bulletin No. 4085, just issued by the General Elec- 
tric Company, describes more or less briefly that com- 
pany’s battery-charging motor-generator sets for rail- 
way work. The bulletin should be of service to rail- 
way men. 

NEW SANGAMO METER BULLETIN. 

The Sangamo Electric Co., Springfield, Ill., are dis- 
tributing Bulletin No. 34, descriptive of their complete 
lines of single-phase and poly-phase induction watt- 
hour meters. This bulletin is one of the most com- 
plete which has as yet been issued, and will be appre- 
ciated by central station meter superintendents de- 
siring complete information on the latest metering 
developments. 


300 RAILWAY 


ELECTRICAL ENGINEER 


LESSON No. 14 
Head-end System 


Curtis Turbo-Generator Set. 

The 25-k.w. Curtis Turbo-Generator set has been 
very extensively adopted as the generating unit for 
head-end trains. Head-end electricians are more or 
less familiar with the operating features of this set, 
and they have been taken up to some extent in the 
past lessons of this course, so we will confine our- 
selves in this lesson to a study of steam turbine con- 
struction and the principles underlying its operation. 

The steam turbine operates on very much the same 
principle as the ordinary windmill. The steam blow- 
ing at an extremely high velocity against the buckets 
mounted on the outer edge of the turbine wheel ac- 
tually blows it around, causing the turbine to rotate 
at a very high speed. The steam-is first emitted 
through the throat. Here the steam expands from 
full pressure down to approximately atmospheric pres- 
sure, and the pressure energy of the steam before en- 
tering the nozzles is here used in giving the steam the 
enormous velocity of about 2,500 ft. per second. This 
blast of steam strikes the rotating blades at an angle 


Exhaust. 


Fig. 71. 


Path of Steam Thru Moving and Stationary Buckets. 


of about 20 degrees. The turbine is revolving at 3,600 
T.p.m. (60 revolutions per second), which, with a 30- 
in. turbine wheel (8 ft. circumference), makes a bucket 
traveling speed of about 500 ft. per second, but the 
Steam traveling at 2,500 ft. per second strikes the re- 
volving buckets with considerable force. The surface 
of the buckets against which this steam strikes is 
curved so that in passing through the revolving bucket 
wheel the direction of motion of the steam is nearly 
reversed and on leaving the revolving buckets it is 
going in a nearly backward direction, as shown in Fig. 
71. It here enters the set of stationary blades, where 


the direction of motion of the steam is again reversed 


so that upon leaving the stationary buckets the steam 
again strikes the revolving buckets of the second 
wheel in a nearly forward direction and again drives 
the turbine wheel forward with considerable force, 
In the 25-k.w. turbine there are three such rows of 


revolving buckets with two stationary rows between. 


As the steam passes through the successive revolving 
and stationary sets of buckets its speed is gradually 


lessened, due to the energy taken out of it in driving — 


the revolving wheels and due to friction on the bucket 
surfaces. 

Although the steam leaves the nozzle at a speed of 
practically 2,500 ft. per second, the bucket wheels are 
rotating in nearly the same direction at the speed of 
500 ft. per second, so the velocity of the steam relative 
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Fig. 72. Turbine Wheel Showing Method of Assembling Buckets. 


to the buckets would be but 2,000 ft. per second. Upon 
leaving the revolving buckets the steam is driven al- 
most directly backward; so, although it leaves the 
bucket wheels with a speed of approximately 2,000 ft. 
per second relative to the revolving wheel, it is only 
traveling at a speed of 1,500 ft. per second relative to 
the first stationary set of buckets. 
entering the second set of revolving buckets the rela- 
tive speed is again reduced 500 ft. per second, and on 
leaving these buckets is reduced another 500 ft. per 
second. This is not exactly true, for the steam both 
enters and leaves the buckets at an angle of about 


Similarly upon . 


| 
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’ 
20 to 35 degrees, so the direction of motion of the 
‘steam is not entirely reversed in the buckets ; but for 
vall practical purposes in explaining the operation of 
‘the turbine it is all right to consider it as above. 
When the turbine is operating under ideal condi- 
tions the velocity relative to the buckets upon leaving 
‘the last set of revolving buckets will be just slightly 
greater than the peripheral speed of the buckets (500 
ft. per second) and, as this is driven in a backward 
direction at a speed about equal to the forward motion 
of the bucket wheel, there will be just enough velocity 
of the steam relative to the stationary part of the 
turbine to cause the steam to slowly flow away from 
the last bucket into the exhaust chamber. 


Fig. 73. 


Turbine and Generator Assembled. 


When a river is shallow and narrow the current is 
rapid, but where the same river broadens out into a 
wide, deep channel the current is much slower. A 
similar condition exists in the steam turbine; when the 

steam first leaves the nozzle it engages but about 10 
or 12 buckets. As it flows through each successive 
set of revolving and stationary buckets, however, its 
speed gradually falls off as explained above. The 
volume of the steam remains about the same, or, if 
anything, increases slightly, so the channel, or the 
number of bucket spaces through which this steam 
travels, must increase. At the last revolving wheel 
the steam is passing through nearly all of the bucket 
wheel spaces. 

The force with which any heavy body strikes a sta- 
tionary object varies with the square of the velocity. 
A train running at 60 miles an hour will strike four 
times the blow in a collision with a stationary object 
that the same train would if running at one-half the 
speed, or 30 miles an hour. 

In the same manner the steam striking the turbine 
buckets at the speed of 2,000 ft. per second will deliver 
four times the push or torque to the turbine wheel 
that the same quantity of steam would when striking 
the buckets at 1,000 ft. per second. From this it is 
evident that the greatest part of the velocity energy 
is taken out of the steam in passing through the first 
row of buckets, and accordingly this row of buckets 
does most of the work in driving the turbine. 

The buckets are made of a special alloy which is of 
very fine grain and non-rusting properties. The sur- 
faces are highly polished so as to reduce the steam 
friction to a minimum. One end of the buckets which 
has been previously upset, is dove-tailed and this 
dove-tail fits into a groove in the face of the bucket 
wheel. These are mounted on the wheel as shown in 
Fig. 72, being inserted through a hole cut through 
the dove-tailing of the wheel. Dove-tailed spacing 
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blocks are also inserted which keep the buckets in 
the proper position and the last spacing block is driv- 
en in the entry slot and piened over solid. A shroud 
or metal band is then wrapped around the tips of all 
the buckets, and the bucket ends inserted through it 
and piened over solid. This holds all the blades rigid- 
ly in place. 
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Fig. 74. 


B Drain N 
Section Thru Governor and Valve. 


There is a certain amount of axial or end play al- 
lowed for the revolving element of the turbine but 
this is limited by alternate steel and phosphor bronze 
thrust washer located on each end of the main lining. 
The inner washers are held stationary on the lining 
while the remaining washers revolve on the shaft. 
These washers are lubricated by oil carried along the 
shaft. 


The Governor. 


As the load on the turbine is increased there is a 
tendency to slow down in speed, but wherever a slight 
reduction in speed occurs the governor, which is 
known as the “throttling” type, opens up the balanced 
piston valve and allows more steam at a slightly 
higher pressure to enter the nozzle. There is then an 
increase in both the amount and velocity of the steam 
striking the bucket wheels, so that the power deliv- 
ered by the turbine will be increased to meet the in- 
crease in load applied to it. 

The details of the governor are shown in the ac- 
companying diagram of Fig. 74, the rotating element 
on the end of the turbine shaft being shown in the 
two views, Figs. 75 and 76. The entire governor 
apparatus, as shown in Figs. 75 and 76, is fastened 
rigidly to the turbine shaft and revolves with it. There 
are two sets of governor weights shown as vertical 
cylinders in Fig. 74 and shown as small circular sec- 
tions in the diagram Fig. 75. Both weights of each 
set are mounted on the same frame and pivoted as 
shown in Fig. 75, one weight, however, has a some- 
what longer lever arm than the other. When the 
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turbine is revolving each of these unbalanced weights 
tends to fly outward, but the weights (B, B) in Fig. 
74 having a longer lever arm from the common pivot 
than the other two, acts with more force, so that if the 
speed of the turbine goes above normal (3,600 r.p.m.) 
weights (B, B) will fly outward and by causing this 
weight frame to turn about its pivot will force the 


Fig. 75. Shaft Governor. 

other weights more near the center of the axis, and 
at the same time will cause the third leg of the gov- 
ernor weight frame to press against the governor 
spring. This causes the shaft (C) to be drawn into 
the governor head and the ball on the end of it re- 
volving in the stationary socket of the arm (O) draws 
this to the right, which acting about its pivot (R) 
Presses upward on the valve piston (H) and raising 
the balanced piston valve (G), shuts off the supply of 
steam somewhat and reduces speed to normal value. 
Similarly, if the speed of the turbine falls below nor- 
mal, the centrifugal force of the weights (B, B) will be 
lessened and they will move more toward the center 
of the shaft to the position more nearly as shown in 
Fig. 74. This will allow the governor spring to force 


Rigs. 76: 


Emergency Governor, 


the shaft (C) and the ball and socket member (O) 
to the left, which drops the piston valve and allows 
more steam to enter the nozzle, bringing the speed 
up to normal. 

By having two governor weights in each set, one 
of which is somewhat further from the pivot than the 
other, the governor is made very sensitive, for this 
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unbalanced condition of the governor weights is 
greatly intensified by a slight increase or decrease in 
speed. On speed above normal the weights (B, By 
are thrown further from the turbine shaft than under 
normal conditions, so that their centrifugal force will 
be much greater, but at the same time the other gOv- 
ernor weights, (not lettered) against which the force 
of the weights (B, B) is balanced, will be forced 
nearer the turbine shaft and their centrifugal force 
will then be considerably lessened, 


Emergency Stop. 


In order to prevent the turbine from running away 
if for any reason the governor fails to work, an 
emergency stop is provided (which is set to work on 10 
per cent above normal speed). Two small springs, one 
of which is shown mounted on the inside of governor 
disc, Fig. 76, fly outward slightly if the speed becomes 
excessive and strike a trigger arrangement ‘ which 
acts through a system of levers tripping the trigger 
lock (Y), Fig. 74, and allows the emergency valve 
(W) to close, instantaneously shutting off all steam 
from the turbine. After the trouble has been adjusted 
this emergency valve can be opened by hand and auto- 
matically resets itself. : 

The emergency springs should be tested occasion- 
ally. They are supposed to operate when the speed 
goes to 10 per cent above normal. This test can be 
made by pulling outward on the governor lever and 
inserting a 14 inch threaded rod in the outer adjusting 
nut and allowing the turbine to speed up. This should — 
be tried when the turbine is running light and the in- 
crease in speed determined by noting the percentage 
increase in voltage. The turbine may be shut down 
quickly by pulling on the emergency ring, 


Fig. 77. Turbine Wheel and Armature Assembled, 


The Generator. 


Because of the extremely high speed the generator 
armature is of comparatively small diameter. There 
are but two poles and two sets of brushes. An auxil-_ 
iary pole or inner pole is provided midway between 
the main poles for maintaining constant brush posi- 
tion and sparkless commutation. (See Lesson No. 2 
—April, 19igs) 

The armature core is built up of many laminations 
of soft iron which are press-fitted on the shaft and 
are held together by alloy heads which also support 
the end windings. The armature coils are inserted in 
slots cut into the laminated core and are securely held 
in place by phosphor bronze and steel binding wire. 
The commutator is much longer than an ordinary 
four-pole d. c. machine because of this generator hav- 
ing but two poles, the entire output of the generator 
must be taken through each set of brushes. In the 
ordinary four-pole machine having four sets of 
brushes only one half the generator output passes 
through any one set of brushes, The commutator 
bars are of hard drawn copper segments with mica 
insulation between. The segments are held in posi- 


other types of axle equipment. 
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tion by means of nickel steel shrink rings insulated 
‘by mica and shrunk with such a pressure that the 
‘commutator brushes cannot become displaced under 
any condition of service. The wearing depth of the 
commutator is about half an inch, 


Axle Lighting 


THE ADAMS & WESTLAKE NEWBOLD SYSTEM. 


The Newbold equipment manufactured by the 
Adams & Westlake Company, of Chicago, is one of 
the earlier types of car lighting equipment and has 
-some features of design which are very different from 
Like most other axle 
equipments, however, it regulates on the principle of 
reducing the generator field current by mechanically 
cutting in resistance in the generator field circuit as 
the train speed rises above cutting in speed. 

The mechanical features of the regulator are very 
simple and are of special interest. 


Fig. 78. 


Newbold Regulator. 


The Regulator. 


As shown in the wiring diagram Fig. 79, and the 
view of the regulator Fig. 78, the commutating seg- 
ments of the generator field resistance are mounted 
on the panel in the form of an arc about the wheel 
(M) as acenter. This wheel carries the contact arm 
(L) which sweeps across the contact segments, cut- 
ting in or out the generator field resistance as regula- 
tion becomes necessary. This wheel (M) is mounted 
on ball bearings and carries a flexible steel chain to 
one end of which is fastened the plunger of the main 
solenoid (1) and to the other end of which is fastened 
the dashpot plunger (W). When the equipment is 
operating at above cutting in speed, we have the pull 
of the weighted dashpot (W) balanced against the 
weight of the plunger (1) plus the magnetic pull on 
this plunger of the compound solenoid (S). 

As the train speed rises the generator voltage will 
tend to rise proportionately, and this rise in voltage 
will tend to catise an increase in battery charging 
current flowing through the coil (S). An increase in 
current flowing through this coil will increase the 
magnetic pull on the plunger (1), and will cause the 
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wheel (M) to revolve a trifle. The contact arm Gly 
rigidly fastened to this wheel then moves down; cut- 
ting in more resistance into the generator field and 
so cutting down the generator voltage and current to 
normal value. When the train speed decreases, the 
reverse operation occurs. The generator voltage and 
current tend to drop which decreases the magnetic 
pull on the plunger (I); this allows it to be pulled 
up by the weighted dashpot (W) acting on the op- 
posite side of the wheel (M). As the arm (I) raises 
it cuts out some of the generator field resistance and 
causes the generator voltage to remain at normal 
value. In setting the regulator it is only necessary 
to add or remove some of the lead shot from the 
dashpot (W). The effect of this is easily understood, 


CIRCUIT OF LIGHTS 
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Fig. 79. Wiring Diagram Newbold System. 


for in order to balance the greater weight in the dash- 
pot (W), there will have to be a stronger magnetic 
pull in the coil (S) and this requires a higher gen- 
erator current; while if the weight in the dashpot be 
lessened by removing some of the shot it will not re- 
quire as high a current through the solenoid to pro- 
duce a magnetic pull which will balance the weighted 
dashpot. 

It should be noted that the dashpot plunger (W) is 
divided into two parts. When the equipment is not 
operating the upper and heavier chamber of the 
plunger rests on the rim of the dashpot; so that when 
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The Five Essentials 


Columbia Mazda Lamps 


Drawn Wire Filaments 


The mechanical Strength of the new 
Columbia Mazda Lamp has added greatly to 
its life. In addition it has increased elec- 
trical efficiency. We carry an immense 
Stock of low voltage lamps for train lighting 
service as well as the standard sizes and 
Styles of lamps for ordinary voltages. 


The Standard for Train Lighting 


A 


Diehl Car Fans 


Railway Car Service 


They are the best. When the man- 
-ufacturers could no longer improve the 
motor they improved the base. These 
bases are of artistic design and may be 
permanently mounted in the cars, The 
Fan is easily and quickly removed 
without disturbing its base. No 
marring of woodwork—no loss of time. 


Ask for Additional Information 


Demand on all your orders QUALITY 
THE HOUSE OF SERVICE, carrying the 
or West. Prompt shipments are our 
ing catalogue, it wil] go to you for the 


Geutral Elprct 


320-326 South Fifth Ave. The House 
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to First Class Service 


TRADE MARK. 


Standard of All Rubber Insulations 


Okonite insulation with its toughness, elasticity and high 
electrical resistance is always placed concentrically around 
the conductor. The result is a product absolutely dependable. 

Wire installed in railway cars should be the best. 
Okonite is made in one grade only—THE BEST. 


D. c&; W. Fuses 


The Standard by Which All 
Enclosed Fuses Are Judged 


Construction of link used in fuse in operating under severe conditions. 


D. & W. Fuses are scientifically designed with maximum service 
and a resultant minimum volume of metal for a given current value. 
This enables fuses of reasonable dimensions to meet abnormal conditions 
of overload. The fibre tubes are exceptionally strong. They are 
manufactured with steel reinforcing rings when necessary. 


Specify D. G W. Fuses and secure the protection you need. 
and SERVICE—then write us. We are 
largest stock of electrical supplies East 
specialty. If you have nof our big instruct- 
asking. Write for it on your letterhead. 


ric Company 


of Service CHICAGO, ILL. 
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the equipment first begins to operate and the auto- 
matic switch closes a comparatively small current 
through the compound solenoid (S) will be sufficient 
to overbalance the weight of this lower chamber, This 
pulls down the contact arm (L), cutting in a few seg- 
ments of lamp resistance as soon as the automatic 
Switch closes. 

It should be noted that the arm (L) carries two 
steel contact brushes, one of which engages the seg- 
ments of generator field resistance and the other, as 
just mentioned, makes contact with the lamp resist- 
ance segments. The condition as shown in Fig. 79 
is just after the automatic switch has closed, and the 
few segments of lamp resistance have been cut in cir- 
cuit. A further rise in generator speed will cause 
the plunger (I) to be drawn into the solenoid 
(S), cutting in the segments of generator field resist- 
ance, as explained above. 

In addition to the few segments of lamp resistance 
which are cut in when the arm (L) first moves down- 
ward after the automatic switch closes, there are sev- 
eral other sections of resistance placed in the main 
lamp circuit. Short circuiting taps from each section, 
however, are run to the lamp switchboard panel, 
which is arranged so that as each of the circuits are 
cut in, an extra knife blade automatically short cir- 
cuits one segment of resistance. When ail the lamps 
are turned on this lamp resistance is entirely short 
circuited; but when only the night circuit is’on the 
entire lamp resistance is in circuit. 

With 50 amperes current flowing through a resist- 
ance of 1/10 of an ohm, the voltage drop through the 
resistance will be 50x1/10 or 5 volts. This might cor- 
respond with say two-thirds of all lamps on. With 
only one circuit on, however, and the current down to 
10 amperes, the voltage drop through this same re- 
sistance of 1/10 of an ohm would be 10x1/10, or only 
1 volt. So, in order to keep the lamp voltage con- 
stant this voltage drop through the lamp resistance 
must be constant at 5 volts. With the 10 ampere 
current this requires 5/10 of an ohm, which is just 
five times as much as our original resistance in pro- 
ducing the same 5 volt drop. This shows the neces- 
sity of the short circuiting arrangement for cutting 
. in and out lamp resistance as employed in this equip- 
ment. 

It should be noted that the main solenoid (3) 4s 
divided into two coils. One of these coils carries the 
total current of the generator and the other, some- 
what smaller than the first, carries the lamp current 
only. This lamp current coil is wound differential to 
the main generator current coil so that when the 
lamps are lighted the magnetism of the lamp coil op- 
poses that of the main generator coil, with the result 
that the generator current is compelled to rise some- 
what higher to produce the same magnetic pull on 
the plunger (I) when the lamps are on than in the 
day time when no lamps are on and there is no op- 
posing current flow through the lamp current coil. 

By varying the number of turns ijn this opposing 
coil, the difference between day and night adjustment 
can be easily varied, but this is usually adjusted so 
as to cause about 30 per cent increase in output at 
night. 

Results of a road test of this equipment are given 
in Fig. 80. The left-hand set of curves are for night 
operation and the right-hand set are for day oper- 
ation. 

It should be noted that (1) the generator output is 
considerably higher at night than during the day 
time; (2) as the train speed increases, the generator 
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field current decreases; (3) variation in train speed 
causes a slight but similar variation in the generator 
current output—that is, a rise in generator speed 
causes a slight rise in generator current—this is due 
to the fact that at the higher train speeds the plunger 
(I) is drawn further down into the solenoid (S) so 
that the magnetism of this coil cannot act quite so. 
effectively as when plunger is further out and 
accordingly a current slightly above the nor- 
mal setting is required in order to produce a bal- 
ancing pull on the plunger. (4) It should also be 
noted that the battery charging current, although 
small under night operation rises to nearly the full 
output of the generator in the day time, and that (5) 
the generator voltage rises from 38 volts under night 
operation to about 50 volts under day operation when 
the batteries have become fully charged. 
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Fig. 80. Road Test of Newbold Equipment. 
Generator. 

The generator is of the four pole simple shunt 
wound type and the cast steel frame is provided with 
a very large hand hole for inspection and repairs, A 
dust-proof and water-tight bushing is fitted into the 
cover of this hand hole. The generator is very solidly 
built, there being ample provision for the heavy loads 
often experienced on diners, postal cars, etc. The 
field coils are held in place by brass retainer shoes. 
These are securely bolted to the frame and the ends. 
of the bolts peined over. Oil ring bearings are sup- 
plied and these are covered by heads fastened to the 
frame by cap screws and provided with large oil 
wells and overflow pipes. ; 


Pole Changer. 


A worm or screw thread is cut on the end of the 
armature shaft, and this worm and gear operate all 
the time the generator is revolving. A friction strap 
clutch is mounted on a wheel connected to this gear 
and arranged so that when the direction of motion is 
reversed the friction clutch will engage the wheel and 
rotate the pole-changing switch through 90 degrees 
reversing the connection of the four pole switch. 

(Lesson to be continued next month. We have a fine 
bunch of Practical Stunts for next month. No room for 
them this time.) 
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Ball Bearings. 


In many commercial applications of ball bearings 
such as automobiles, etc., one of the main advantages 
gained by such application is their freedom from fric- 
tion which means that the machines to which they are 
applied will be able to operate at a somewhat higher 
mechanical efficiency than when equipped with the 
plain sleeve type bearing. 


Although the frictionless feature of the ball bearing 
may indirectly be an important element in the selec- 
tion of ball bearings for axle generator service, in that 
the wear of the bearing is greatly reduced, the main 
consideration recommending ball bearings is that of 
maintenance. Whether the generator operates at an 
efficiency of 88 per cent or 92 per cent is of small con- 
sideration, but the fact that ball bearings so reduce 
the necessary maintenance that they may be allowed 
to go for six months without any inspection what- 
ever, and the fact that they so eliminate wear and 
are so thoroughly reliable that a light failure due to 
ball bearing trouble is a most infrequent, in fact, al- 
most unheard of thing, is of commanding importance 
to the railway car lighting man. 

The record of service on two roads as given in an- 
other part of this issue is most gratifying indeed and 
during the subsequent months of this year we hope to 
be able to present similar service reports from vari- 
ous roads operating these bearings. 


Axle Lighting and the Automobile. 

It frequently happens that the more progressive 
workers in one line of engineering adopt certain fea- 
tures or even whole systems from another line and 
profit greatly thereby, sometimes developing the new 


application until its use is greater than in its original 
field. 


The electric lighting system for cars is a typical 
example, and the present day forms for gasoline cars 
are essentially modifications of the axle generator sys- 
tems developed for steam railroad cars years ago. 
They comprise generators driven by some moving ele- 
ment (usually the engine fly wheel), a storage battery 
for use when the engine is not running or when it 
runs too slowly, a voltage regulator and an automatic 
switch for cutting in and out at critical speeds. 


For automobiles another feature has been necessary, 
that of using the generator for ignition purposes, and 
now comes the additional use of the generator as a 
motor for starting the engine. Thus is the influence 
of the railway electrical engineer showing itself on the 
newest and one of the greatest of all industries. 


We congratulate the engineers of both industries 
that this is true, and trust that scientific automobile 
lighting is as near at hand as scientific car lighting. 


Electrification in India. 

Mr. C. H. Merz, consulting engineer for the very 
extensive electrification now in progress at Melbourne, 
has been in consultation with certain officials of India 
railways relative to electrification of certain congested 
points. The principal projects which the Indian au- 
thorities are said to have under consideration are: The 
electrification of the Bombay suburban lines of the 
Great Indian Peninsula and Bombay, Baroda and Cen- 
tral Indian Railways, involving from 50 miles to 100 
miles of track; Calcutta suburban lines of the East- 
ern Bengal State Railway, beginning with 20 miles to 
40 miles, and the Ghats (main line) section of the Great 
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Indian Peninsula Railway, involving some 30 miles. 
The Ghats electrification will be of special interest on 
account of the severe grade conditions on this impor- 
tant line. 


Association News 


Annual Convention. 

At a recent meeting of the executive committee of 
the Association of Railway Electrical Engineers with 
a special committee representing the Railway Electric 
Supply Manufacturers’ Association, it was decided to 
hold the annual convention of the Association in the 
La Salle Hotel, Chicago, October 20-24th, inclusive. 
Both of the large ball rooms on the top floor of the 
hotel will be used for exhibit purposes, while a large 
room on the 18th floor will be reserved for the meet- 
ings of the Association. The convention proper will 
not begin until Tuesday morning, the 21st, although 
the exhibit hall will be open for installation of ex- 
hibits Saturday at § p. m. 

The entertainment committee have not yet formu- 
lated their plans, but without doubt the usual features 
as have been provided in past years will be arranged 
for. 

Semi-Annual Convention. 

It has been decided to hold the semi-annual conven- 
tion of the Association at Atlantic City, June 16th. 
The headquarters of the Association are to be at the 
Hotel Dennis. We would suggest that all members of 
the Association, both active and associate, who expect 
to attend the convention arrange to make this place 


their headquarters. 


Editor’s Note:—Ordinarily we pay no attention whatever to un- 
signed communications received at this office. The following, how- 
ever, is so nearly in accord with our own views on the subject of a 
complete disregard of the best engineering practice, in fact, a disre- 
gard of even common sense, that we present it herewith and take all 
responsibility for its publication upon ourselves. 


Who Was Responsible? 


The New Grand Central Terminal just recently 
completed and thrown open to the public stands as 
a fitting monument to scientific endeavor along the 
lines of design and construction of railroad terminals, 
The simple lines of the several vast interiors give an 
atmosphere of dignity throughout, and the impres- 
siveness is emphasized by the many details that con- 
tribute to the convenience and comfort of the travel- 
ing public. Yet it would seem to the visiting patron, 
as it now surely must to those who were responsible 
and others of technical mind, that a most serious 
mistake has been made in the lighting of some of the 
otherwise most imposing sections. At every turn 
one is greeted by a large exposed lamp or cluster of 
lamps glaring directly into the eyes. No shade or 
other method of concealing the light source has been 
provided, and the use of a powerful incandescent 
lamp in its present high state of perfection means 
discomfort and punishment not unlike a slap in the 
face to every person who glances in its direction. 

That the more pleasing effect in the suburban con- 
course, due to the protection offered by the beams 
in the ceiling, is purely accidental, is evident from 
the brilliant lamps left exposed at either end. Here 
is the only instance where the eye has been protected 
from abuse. 

Flow does it happen that such a situation, seeming 
almost criminal “in the eyes of many,” exists in such 
an attractive edifice? Who was responsible? 

Certainly not the master minds who conceived this 
magnificent monument to modern civilization. Un- 
doubtedly some one in whom responsibilty was mis- 
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placed by his inability to meet in a modern and ra- 
tional way this most important matter of lighting, 

A great movement toward this end was started sev- 
eral years ago—in fact, the moment the tungsten 
filament lamp with its great brilliancy was placed on 
the market—at first unconsciously, perhaps, but erew 
in force and scope in all sections of the country, until 
now numerous attractive devices and methods are 
used, all with the object of protecting the eye from 
the injurious exposure to these intensely bright light 
sources. 

That a grievous error has been made in the light- 
ing of this otherwise perfect building is self-evident 
to the most casual observer. To the technical en- 
gineer must come a feeling of regret that in this 
important matter modern methods have not been em- 
ployed. ) 

The millions who pass through the portals of that 
terminal will, without exception, marvel at its spa- 
ciousness and convenience. In their endeavor to 
grasp the beauties of architectural lines and decora- 
tions, they will meet with a “slap in the face,” as it 
were, by the thousands of lights from whose brilliant 
glare it will be impossible to obtain relief by turning 
in any direction. 


RAILWAY CAR LIGHTING IN INDIA. 


In an article on this subject “Indian Engineering” 
states that several systems of electric lighting’ in 
trains are in use, but Stone’s system has been adopted 
as the future standard for the three State railways 
(North-Western, Oudh & Rohilkhand and Eastern 
Bengal), most of the carriages on which lines are at 
present lit by gas. 7 

On Dec. 31, 1911, there were 12,831 cars on the 
several Indian railways fitted for (Pintsch’s) gas light- 
ing (compared with 12,455 a year previous), and 
4,584 (3,636 year previous) for electric lighting. The 
number of cars on the various railways fitted for elec- 
tric lighting were as follows: Bengal Nagpur, 62 
(the systems represented being Stone, Mather & 
Platt, Vickers-Hall, Bowman & Still) ; Bombay, Ba- 
roda & Central India, 83 (Stone, Vickers-Hall, Aichele 
and Vicarini-Crawford); Eastern Bengal, 20 (Stone, 
Vickers-Hall, Mather & Platt and Tudor); East Ine 
dian, 120(Stone) ; Great Indian Peninsula, 216 (Stone, 
Aichele, Vickers-Hall, Vicarino-Crawford, Mather & 
Platt and Tudor); Madras & Southern Mahratta, 14 
(Stone, Vickers-Hall, Tudor and Rosenberg) ; Ni- 
zam’s Guaranteed, 138 (Stone); Oudh & Rohilkhand, 
78 (Stone and Vickers-Hall); South Indian, 40 
(Stone) ; Assam-Bengal, 1 (Vickers-Hall) ; Bengal & 
North-Western, 1,088 (Stone); Bengal-Dooars, 45 
(Vickers-Hall); Bharnagar, 16 (Vicarino-Crawford) ; 
Burma, 65 (Stone, Vickers-Hall and Vicarino-Craw- 
ford) ; Dibru-Sadiya Colliery Railway, 1 (Vicarino- 
Hall) ; Eastern Bengal, 17 (Stone and Vickers-Hall) ; 
Gandal-Porbandar, 24 (Vicarino-Crawford) ; Hyder- 
abad-Godaveri Valley, 3 (Stone and Vicarino-Craw- 
ford) ; Jodhpur-Bikaner Native State, 258 (Stone); 
Junagadh, 4 (Vicarino-Crawford); Madras & South- 
ern Mahratta, 4 (Stone); Rajputana-Malwa, 1,322 
(Independent Storage Battery); Rohilkhand & Ku- 
mavon, 158 (Stone); South Indian, 485 (Stone) and 
the following light 2 ft. 6 in. gauge railways: Arrah- 
Sasseram, 28 (Mather & Platt) ; Baraset-Basirhat, 45 
(Mather & Platt); Barsi, 49 (Stone and Leitner-Lu- 
cas) ; Dholpur-Bari, 7 (Independent Storage Battery) ; 
Kalka-Simla Mountain, 113 (Stone); North-Western 
light military lines Kohat-Thal and Nowshera-Dar- 
gai, 9 (Stone); Shahdara (Delhi)-Sahafunpore, 35 
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(Mather & Platt); Darjeeling Himalayan 2 ft. line, 
30 (oil motor driven direct-connected 60-volt gener- 
ating set in baggage car). The total percentage of 
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vehicles fitted with gas and electricity is 80.14 per 
cent, while 4,317 vehicles, or 19.86 per cent, are not 
fitted. 


Pennsylvania Electric Tractor for Use on City Streets 


In order to replace the string teams used for haul- 
ing cars over railroad tracks in city streets for deliv- 
ery to patrons, the Pennsylvania Railroad has recently 
designed and constructed an electric tractor in its 
Juniata shops. Several commercial motor trucks and 
tractors were tried out and found wanting before the 
design of this tractor was originally undertaken. As 


flexible coupling being required between the arma- 
ture shaft and the herring-bone pinion. Integral with 
the counter shaft gear is a. differential gear of special 
design which is the largest differential gear ever built 
for automobile work, and is a new departure in differ- 
ential construction. Each side of the differential 
drives a section of the split counter shaft. Each sec- 


| PENNSYLVANTA. 


Side View of Electric Tractor. 


is the practice in baggage-handling trucks, this tractor 
has been designed to drive, steer and brake on all four 
wheels. This feature becomes necessary because of 
the fact that the tractor very often operates in close 
quarters; driving from all four wheels, moreover, 
gives a considerably greater possible tractive effort 
fgam from two. The tractor can turn in a circle of 
20 ft. radius, and the trailing wheels track with the 
forward wheels so that any obstruction which the 
forward wheels clear will be cleared by the rear 
wheels also. This allows the operator to devote his 
entire attention to the forward end of the tractor. 

The principal dimensions and operating character- 
istics of the tractor are as follows: 


MCE Vet COUMDICLS puctaegn as no fo te ca aes Soa alot aperel oe 23 ft 
menctieover ChaSSIS ....4.c% cua. sp asses rT 19% ft 
BUCCI AS CHE tle ants ae ek ated oh dae danele waneaotey 12% ft 
BameteEmOlmwheelSNOVier TILES. 4 9. cicln oe sancoeecm eed It. 
Be MMT EC CLS itt say ioe vey nieces is: Siac cde alls uloloh al ayewesehate TS ajacel eke Dicuss 1 oie 
MELO MELICC SIR He ie er nce le ee c.c estas Sasheaies gaia ac ene 12 in 
SMMC eT Mallett m ues fe neta see cea ee oe am le tit, 25 aha 
RMS tM Call Weoste ae teera oRoe cuss he os GPA SIRS Sa, at Bho s dal Wie, SY hak 
Cet, 8) cust as fon, wet tt. x tult. 6 in. ee ite high 
ore tS oe cireaa tale chasm caecdraicte, oh chs 5 'a%h Ge 28,850 lbs. 
Sear till AnOrmal) vie. cde nee es ee nee 8,000 lbs. 


Seereerorimial Licht) \..025 68 one cae cea ee. 6! miles per hr. 
RM Sik 2 hog. + SS 80 cells of Edison A-12H 
To Te Be ee oo ee 4,350 Ibs. 

The wheels and driving mechanisms are located 
near each end of the chassis, and the battery box con- 
taining 80 Edison A-12-H cells is hung in the center 
directly under the cab. Two 20-h.p. G. E. motors are 
mounted with the balance of the driving mechanism 
on each axle. These axles are the largest automobile 
axles ever built. Each motor is geared through a set 
of herring-bone gears to a counter shaft, a special 


tion of the countershaft carries a universal pinion 
which meshes with the driving gear that is bolted to 
the wheel casting. 

The wheels consist of steel castings of the tangent 
spoke type, weighing approximately 1,200 lbs. each. 
Solid rubber block tires are provided, which are of 
such design that any one block may be removed and 
replaced without disturbing any other section. Each 
of the four wheels is carried on a steering knuckle 
which connects through a system of levers to the 
longitudinal steering shaft on the main bed of the 
tractor. This longitudinal steering shaft is divided 
into two sections, coupled together at the center by 
an interrupted crank. This coupling is connected 
through a system of gearing to a large steering wheel 
in the center of the cab. This steering wheel is of 
the marine type and turns the tractor in the direction 
the top of the wheel is turned regardless of which end 
of the tractor is forward. There are two controller 
boxes, one on each side of the steering wheel, so that 
the operator can drive from either side of the wheel. 
The connections of the starting box are such that the 
handle is moved in the direction that the tractor is 
to go, a guard preventing the operator from cutting 
into reverse before first coming to a full stop. 

A motorman’s brake valve is mounted on each side 
of the cab within easy reach of the operator, and this 
controls the operation of the air brake apparatus. 
This is of the automatic type, air being supplied to 
the main reservoir by a motor-driven compressor. The 
brakes carried on the tractor wheels are of the internal 
expanding type. Standard air brake hose couplings 
permit of the air braking apparatus of the tractor 
operating the air brakes of the cars which are being 
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shifted. In addition to the air brake apparatus, a 
hand brake is supplied which may be used at any time. 

From the data given above it will be observed that 
the normal drawbar pull of the tractor is 8,000 lbs. 
This is based on a co-efficient of friction of about one- 
fourth. During a recent trial at the Juniata shops it 
easily pulled a locomotive and two cars. Subsequently 


End View of Electric Tractor, 


the locomotive and tractor were pitted against each 
other to see which was the more powerful. With 
the locomotive throttle wide open it failed to hold the 
tractor; in fact, was moved backward several feet. 
The locomotive used was a class R and is rated at 
21,500 lbs. drawbar pull. 


WESTERN ELECTRIC SALES CONFERENCE. 


During the week of February 24-28 the Western 
Electric salesmen from the middle western states 
held a big sales conference at the Chicago office of 
the company. This conference is unique in that it is 
virtually a special training course in the technical 
features of the many products handled by the West- 
ern Electric Company. 

A large number of manufacturers as given in the 
following list exhibited their apparatus on the sev- 
enth floor of the Clinton Street Building. 


Frank Adams Elec. Co. Harvey Hubbell, Inc. 
American Cross Arm Co. Hughes Elec. Htg. Co. 
American Elec. Heater Co. Mathais Klein & Sons. 
American Ever Ready Co. W. H. Matthews & Bro. 
American Washer Co. Natl. Metal Molding Co. 
Benjamin Electric Mfg. Co. Pittsfield Spark Coil Co. 
The Bryant Elec. Co. Stanley & Patterson. 
George Cutter Co. B. F. Sturtevant Co. 
Crouse Hinds Co. Sunbeam Lamp Co. 
Duncan Elec. Mfg. Co. R. Thomas & Sons Co. 
D. & W. Fuse Co. The Tungstolier Co. 
Thomas A. Edison, Inc. Western Elec. Co. 
Edwards & Company. Interphone Dept. 
Electric Storage Battery Co. Switchboards,. 
General Electric Co. Telephones 
General Electric Ry. Mate- Misc. Material. 
Talo, Westinghouse Elec & Mfg. 
Habirshaw Wire Co. (E 
The Holophane Wks. 
Hubbard & Co. 


One or more manufacturer’s representatives was 


O. 
Weston Elec. Inst. Co. 
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on hand at all times to explain in detail the technical 
engineering features of each particular type of equip- 
ment. 

The 105 Western Electric salesmen attending the 
conference were divided into groups of three men 
each, with instructions to visit every exhibit some 
time during the conference week. Each man was 
supplied with a set of cards, one card for each ex- 
hibit. After the visit of each group of salesmen to 
any particular booth, lasting from 15 minutes to one 
hour’s time in some cases, during which the various 
technical points of equipment were brought out, the 
manufacturer’s representative would retain the card 
for each man and indicate thereon the proficiency of 
each salesman in regard to that particular equipment. 

These cards will then be retained by the Western! 
Electric management and will form a most valuable 
basis for further instructing their salesmen in the 
lines in which they happen to be weakest. Without 
a doubt this is a most excellent idea for increasing 
the efficiency of a sales organization handling a di- 
versity of lines, and one which as it is continued for 
succeeding years will become more and more vyalu- 
able, for before next year’s conference that salesman 
who is weak in any particular this year will thor- 
oughly post himself. 

On Friday the salesmen attending the conference 
visited the Hawthorne factory of the company and 
in the evening an informal banquet of over 500 men 
from the sales and engineering departments of the 
company was held at the Chicago Athletic Club. 


BATTERY LOCOMOTIVE FOR CAR SHOPS. 

The Milwaukee Electric Railway Company re- 
cently installed a storage battery locomotive at its 
Cold Springs shops for shunting railway cars and 
for moving cars over unelectrified tracks in shop 
buildings and on the turn table. The locomotive 
weighs seven tons and can attain a speed of about 
five miles an hour when handling a 22-ton car. It 
is equipped with both the standard M. C. B. coupling 
for railway cars and a coupling for handling its own 
rolling stock. The storage battery consists of 44 
“TIron-clad” Exide cells which operate two double- 
geared, traction type, 80-volt motors. The locomo- 
tive may be operated from a controller at either end. 
With a normal charge, the locomotive is able to oper- 
ate between two or three weeks without recharging 
under its present schedule. 


THE WESTERN MARYLAND INSTALLS TELE- 
PHONES FOR DISPATCHING TRAINS. 


The Western Maryland Railroad Company has joined 
the ranks of the railroads using the telephone for the dis- 
patching of trains and has recently ordered equipment 
for its lines from the Western Electric Company. This 
road, which is an exceedingly busy one, especially since 
the opening of the Pittsburgh extension, is used prin- 
cipally in the hauling of coal, coke and other freight and 
also handles passenger traffic. 

The apparatus to be used is the No. 102 type selector 
set containing the well-known No. 50 selector. Twenty- 
three way-stations will be equipped with selective sig- 
naling and telephone apparatus. Miscellaneous equip- 
ment and line material is also being furnished. 

The present equipment will be installed over a circuit 
extending from Hagerstown, Maryland to Cumberland, 
Maryland, a distance of eighty miles. This section of 
road is the first of four hundred miles to be equipped 
with telephone train dispatching apparatus. 
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Car Lighting Specifications 


F. E. HUTCHISON, Chief Electrician Rock Island Lines 


The intention of this specification is to provide for all 
labor, tools and materials required for the furnishing of 
electric lighted cars complete with all electric appliances 
‘na neat and workmanlike shape. 

The car builder will get out blue prints of the details 
and application as he interprets lighting arrangement 
and submit them to the Railroad Company for approval 
before starting work. : 

Builders must in all cases assure themselves that the 
specifications in their possession are of the latest revi- 
sion. 


Equipment. 

To consist of a 40 volt kilowatt dynamo, sus- 
pension and driving apparatus, switchboard, regulating 
devices for dynamo and lamp voltage control, fixtures 
and all wiring, a 32 volt storage battery, 280 ampere 
hour capacity. Railroad standards on above to be fur- 
nished. 


Dynamo Suspension. 

Will be so constructed that it will locate the dynamo 
so that the belt will clear the top of the end sill 1” from 
the top of the end sill to the underside of the belt and 
so that the belt will clear the brake beam and other 
obstructions at least 2” when the brake shoes are worn 
out, also so that the dynamo and parts of the suspension 
will clear anything on the bottom of the car (brake 
rigging, etc.) at least 4”. It must be firmly braced and 
secured to truck frame. 


Battery Box. 

To be made of 1%” steel, well constructed and painted, 
tight to keep out dust and snow, located underneath car 
and substantially secured to body of car. It. is to be 
divided into two compartments each having inside dimen- 
sions of 22” high, 28” deep and 45” long. Each com- 
partment to be ventilated by four 2” holes in bottom of 
box, covered by wire netting, the holes to be bushed with 
lead pipe flanged over %” inside of box. A cast iron 
ventilated battery box door handle on each door. In- 
terior of box to be lined with wood 34” thick on top, 
sides, ends and doors, 1” thick on bottom. Wood to be 
saturated with paraffine and beeswax. The wood lining 
to be put in so that it can be easily renewed. Conduit 
entering box shall be 34” and run from junction box to 
fuse box, one fuse box to be located on each end of 
battery box and secured to same. The doors of battery 
box to be arranged so that the right hand door can be 
_ opened without opening the left hand door. 
Westinghouse Hand Connectors, 

Male part to be soldered to the positive battery wire. 
(right) The female part to be soldered to the negative 
wire (left where they terminate in battery box. This 
connector will be furnished with the battery. 


Shipment of Batteries. 

The batteries shall not be delivered to the car build- 
er’s factory more than thirty (30) days previous to the 
delivery of the car to the Railroad Company and they 
are to be kept charged and flushed by the Car Builder 
to prevent sulphating, etc. 

Regulator and Switchboard Locker. 
To be made in two compartments; regulating devices 


installed in lower part and switchboard in top part. Low- 
€r door to have a knob and lock. The upper door to 


have an approved latch. A shelf will be placed between 
the two compartments. 

Locker will be at least 12” deep and 24” wide and 6’ 
11” high. It will be well ventilated and top locker will 
be provided with racks to carry extra lamps. It will also 
be provided with a box for fuses. It will have two lock- 
er lights, one in each compartment. 

There will be a 63 volt green Pilot Lamp mounted 
directly above the top door of the regulator locker so 
that it can be readily seen by train crews. The finish 
of the receptacle shell to be the same as other fittings 
in car. The wires for this receptacle shall be connected 
to the negative generator and positive ‘field terminal of 
the apparatus or pilot light terminals on apparatus so 
that it will not burn when the main positive generator 
fuse or field fuse has blown. 

The locker light receptacles to be mounted on condu- 
let No. %” conduit to be run from “H” condulet 
through “Z” iron behind switchboard and regulator. 

The regulators and switchboard will be mounted on 
2” “Z” bars made of 1%” sheet steel, all wiring to be run 
behind these “Z” bars. Open spaces between boards to 
be neatly paneled with steel and bushed for wires going 
through. 

Car builder will place a tin receptacle in each switch 
locker for report forms and will frame any prints or 
instruction cards required by the Railroad Company. 
Switchboard. 

The switchboard to be a dull finished slate on which is 
mounted approved double pole single throw fusible knife 
circuit switches fused with 10 ampere Edison plug 
fuses, and is to have three (3) 75 ampere double pole 
single throw fusible knife switches. Left hand switch to 
be marked “Battery’—center switch to be marked 
“Lights”—and right hand switch to be marked “Train 
Dane.” 

It is to be furnished by the Car builder when it is 
not furnished by the manufacturer of the axle lighting 
equipment, the design to be approved by the Railroad 
Company. Positive to be maintained to the right in all 
connections and is to be wired as per the Railroad Com- 
pany’s drawing. 


Train Line Connector. 

One per car to be 42” overall, made up of two 3-G two 
finger male plugs and two flexible No. B&S gauge 
stranded cables. Cables to be soldered into brass 
sleeves which are to be spoted with a drill to take con- 
nector screws. ; 

A place for storing this connector will be provided, 
supporting hook per Railroad Company’s drawing a strap 
of 1/16” iron will be arranged to hold bottom of con- 
nector. 


Connector Supporting Hook. 

An approved hook shall be placed 12” to the right, 
when facing car from center line of receptacle, for sup- 
porting the connector wires of male connector when in 
use. 


Train Line Receptacles. 

Two per car, 3-G two finger type female receptacles, 
one on each end of car located 6” to the left of center 
line of car to center of receptacle when facing car ; posi- 
tive to be right, negative to be left when facing car. Shed 
type No. or angle type No. will be used 
according to design of car. 
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Charging Receptacle. 

There are to be two — new type double 
pole, 65 ampere swivel charging receptacles with casting 
extended to take strain off contacts, mounted underneath 
the car attached to the body of same, one on each side 
of the car, located as near the center of the car as possi- 
ble, and back 4” from side of car to cover on receptacle, 
outside ring to be connected positive and center post to 
be connected negative. 

Steam Drops. 

Will be equipped with strong galvanized iron shields 
to prevent the condensation from striking dynamo. 
Wiring. 

All insulated wires and cables used in wiring these cars 
shall be double braided wires or cables, No. 6 
B&S or larger sizes to be stranded. 

Circuit wires shall not be smaller than No. 12 B&S 
gauge wire. Not more than 300 watts will be connected 
to any one circuit. The wiring will all be done in 
approved conduit with substantial water-proof junction 
boxes. No conduit to be on top of car roof. There is 
to be no wire pulled into conduits until all wire ducts 
are in place, thus assuring that the wire can be pulled 
out and repaired without disturbing the finish of car. 
Train Line Wires. 

Cars to have a two wire train line. Wires to be No. 2 
B&S connecting to female train line receptacles at each 
end of car. They are to be run in conduit to within 12” 
of receptacles. They are to be connected to train line 
switch with two No. 4 B&S wires. -The conduit will be 
arranged so wires can be pulled out for repairs or in- 
spection and put back easily. 

Wiring and Conduit Arrangement Underneath the Car. 

Positive and negative battery wires to be No. 4 B&S 
and to run from their respective terminals in the battery 
box through 100 ampere N. E. C. fuses, knife blade type, 
to regulator locker. 

Positive and negative dynamo wires to be No. 4 
B&S and to run direct from generator terminal block to 
switchboard locker, there being no common negative con- 

nections to be made outside of regulator locker. 

' Positive generator field to be No. 8 stranded wire, run 
from generator terminal block direct to regulator locker. 

The connections to the controlling apparatus to be 
made to the correct terminals for the various wires as 
provided on the regulating apparatus by its manu- 
facturer. 

All wires leading from the main regulator to gener- 
ator, battery box, automobile charging receptacles, to be 
run in conduit with a condulet fitting, with 3 wire porce- 
lain cover on the end of the conduit from which the 
wires lead to dynamo terminal block. The ends of all 
conduits must be carefully reamed and bushed. 

The distribution underneath the car shall be from four 
junction boxes and two fuse boxes*, one main junction 
box which is to be 4” deep, 8” wide and 10” long. The 
three boxes—one of each is to be used at each terminal 
of the battery box and the other one to be used for dis- 
tribution to the two type “C” charging receptacles. They 
are to be 4” deep, 6” wide and 8” long. These boxes 
are to be substantially built and water-proof. The covers 
are to be secured with 5/16” cap screws. All the bosses 
on the box providing places for drilling for the cap 
screws which hold the cover and for the drilling and 
tapping of the pipe, are to be made on the outside of 
the box so that the inside will have a clean smooth 
surface. 

All conduit in car shall be of sufficient size to permit 


*Fuse box to be as per M. C. B. Exhibit “F.” 
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of the pulling in and out of the wires for repairs or in- 
spection without crowding. It shall be run with as few 
bends as possible, and securely fastened to the body of 
the car. 

All splices to be soldered and taped with rubber tape 
equal to the thickness of the insulation of the wire and 
again taped with friction tape equal to the strength of 
the braid of the wire. 


60’ BAGGAGE CARS. 
Conduit in Car. 


To be run exposed on the interior of car with condu- 
lets provided for light openings and branch to switch- 
board locker for circuit wires and train line taps. 
Location of Switchboard Locker. 

It is to be located so as not to take up valuable stor- 
age room, 

Pilot Light Receptacle. 

It is to be mounted on a No. H 15 condulet. 
Switchboard and Regulator Locker. 

It is to be steel as per Railroad Company’s tracing. 
Location of Battery Box. 

It is to be applied on opposite side of car from that 
occupied by express safe. 

Dummy Wood Male Plugs. 

Two per car, are to be made of maple painted black, 

(with exception of fingers) fashioned after the standard 


T 33300 Gondud 
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Fig. 1. Layout of Baggage Car. 
3-G male plug and fastened to each end of car by a 
chain 10 inches long. 


Circuits. 
Location Circuit Number 
Center No. 1 


Center and over desk No. 2 
Lighting Fixtures. 
Number Catalogue 
Required Number 
1 Bracket 
13 Shade Holders 
14 Shades 
Number Lamps. 
Required Watts Volts Style Color Type of Filament 
16 15 34 G 18% Clear Tungsten 
1 25 Ge SS aly Green Carbon 


DINING CARS. 
Location of Dynamo. 

Dynamo is to be applied to truck opposite end of car 
from kitchen. 
Conduit in Kitchen. 

To be run exposed with condulets used for junctions, 
light and switch openings. Condulets J-J-K type with 
porcelain receptacles to be used for light openings. FD 
and FDC type for switch openings. Condulet will be 
neatly bent and securely braced and fastened. 

Conduit in Ice Boxes. 

To be run down corner of boxes exposed entering at 
top of box. It will run through top and bottom compart- 
ment condulets to iron door switch box. Conduit is to 
be connected solid all the way through ice boxes. 
Installation of Exhaust Fans. 

Exhaust fans to be installed so they can be easily taken 
down for cleaning and repairs. 
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To Have Separate Switch Control. 

Kitchen fans by push switch on condulet. 

Kitchen lights by push switch on condulet. 

Each circulating fan in dining room by Pullman rotary 
flush switch. 

Each exhaust fan in dining room by Pullman rotary 
flush switch. 

Pantry lights by Pullman rotary flush switch. 


yo 
DINING KFReoom 


CEPO UES O* 


Os Os 8 


Fig. 2. Layout of Diner. 


Each ice box by door switch mounted in iron box to 
which conduit is connected tight and solid. 


Lighting Fixtures. 


Number Catalogue Catalogue 
Location Required No.of Fixtures No. of Shades 
Center deck 7 
Side deck 10 


Hall and vestibule 6 
Passageway, Conduct- 


ors end 1 
Pantry center i 
Pantry, under shelves 4 
Kitchen 9 J&K type Condulets) Furnished by 
Ice boxes 6 J type Condulets) Car Builder 
38 15 SAmeG) S18i408 Clear Tungsten 
1 25 oxi Sieesiae hd Green Carbon 
Fans. 
Number 
Location Reqeuired Volts Type 
Dining room 4 “Ps 12” Circulating 
Dining room 1 32 Exhaust Blower Ventilator 
Kitchen i 32 Exhaust Blower Ventilator 
Number Lamps. 

Required Watts Volts Style Color Type of Filament 
8 50 34 G 30 Clear Tungsten 
Circuits. 

Location Circuit Number 
Center dining room No. 1 
Center dining room No. 2 
Center dining room No. 3 
Side dining room No. 4 
Side dining room No. 5 
Kitchen and pantry No. 6 
Hall and Vestibule No. 7 
Ice boxes . No. 8 
12” circulating fans No. 9 
Exhaust fans No. 10 

70’ CHAIR CAR OR COACH. 
Lighting Fixtures. 

Location Number Required 
Center We 
Toilets 44 
Vestibules 4 

Number Lamps. J 
Required Watts Volts Style Color Type of Filament 
12 50 34 °G 30 Clear Tungsten 
8 15 34 G 18% Clear Tungsten 
1 25 635. els Green Carbon 


Layout of Coach, 


Fig. 3. 


Fig. 4. Layout of Chair Car. 
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iki) 
A ® Fans. 
2-12” 32 volt fans with switch in base 
r ; Circuits. 
ocation Circuit N 
Toilet, hall and vestibule Ni eee 
Center No. 2 
Center No. 3 
Fans 4 


No 
; 60° 3 COMPARTMENT CAR. 
This plan for location of lights and circuits only. 
Lighting Fixtures. 


Location Number Required 
Center 11 
Toilets 3 
Vestibule 4 
Suerte Lamps. 
Number 
Required Watts Volts Style Color Type of Filament 
fe 50 oy, (Ce SH Clear Tungsten 
9 15 32 G 18%. Clear Tungsten 
1 25 si) SS) Green Carbon 


Fig. 6. Layout of Jim Crow Compartment Car. 
Fans. 
3-12” 32 volt fans with switch in base. 
Circuits. 

Location Circuit Number 
Toilets and vestibule No. 1 
Center No. 2 
Center No. 3 
Center No. 4 
Center No. 5 
Fans No. 6 


THE OVERLAND LIMITED. 

A new extra fare train has just been put in service 
on the C. & N. W., Union Pacific and Southern Pa- 
cific Railroad, operating daily between Chicago and 
San Francisco. The train makes the run in 64 hours, 
being three nights and two days on the road. 

The train affords the traveling public all modern 
comforts and luxuries known in railway travel today. 
In addition to electric lighting, electric fans, telephone 
and telegraph service usually provided, there is a 
shower bath equipment installed in the barber shop. 
Stenographic services and market reports are also 
available, so that the busy business man may accom- 
plish a considerable amount of work en route. 

Although apparently no expense has been spared in 
making this train one of the finest in the country, it 
would seem that the matter of eliminating glare and 
eye strain of the passengers has been sorely neglected. 
The unshaded, bare tungsten lamp is very much in 
evidence, both on side wall reading lamp fixtures and 
on the four corners of gas combination fixtures. Even 
where diffusing globes and shades have been provided, 
these are simply of ground glass which, aside from its 
decorative effect, is but little better than the bare lamp. 
The low efficiency of such installations may not be of 
great importance because of the fact that power is 
supplied from the headend turbo generator set, but 
the fact that bare lamps in the field of vision greatly 
reduce one’s ability to see and, particularly on long 
runs where such a row of bare lamps are in the pas- 
senger’s eyes for hours, the effect is most annoying, in 
fact, injurious to the eye. With all the information 
now published on this subject, and with scientifically 
designed fixtures available which provide efficient and 
proper distribution of the light at the same time and 
eliminate the effect of glare, it is unfortunate that 
roads will persist in old style methods and equip- 
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Ball Bearings in Car Lighting Service 


Petia OOR 


EDITOR’S NOTE. 


This is the third of a series of educational talks on the subject 
of bearings written by certain authorities on this subject who are 
connected with some of the various bearing manufacturers, 


It is a well-known fact that the efficiency, or ratio 
between the input and output of work, shows if a 
machine is working satisfactorily or not. The higher 
the efficiency is the more productive the machine be- 
comes. It is also well known that the greatest 
amount of actual lost work is chargeable to friction, 
and the elimination of this friction is a problem of 
prime importance for any type of machine. 

There are two kinds of friction to contend with, 
sliding friction and rolling friction, and in making 
comparisons between the various types of bearings 
in which these two types of friction are found, we 
have sliding bearings, roller bearings and ball bear- 
ings. 

In comparative tests of these various types of bear- 
ings the sliding bearings show a co-efficient of fric- 
tion which varies considerably for changes in speed, 
from .03 at low speed to .125 at higher speed. 

Roller bearings show a somewhat closer range in 
the co-efficient oe friction, but both the roller bear- 
ing and the sliding bearing are far in excess of the 
friction of the ball bearing, and both show a very 
much higher co-efficient of friction at low speeds. 

The creat superiority of the ball bearing is found 
iit fact that the co-efficient of friction varies be- 
tween very close limits at different speeds and loads, 
and that the starting friction is practically no greater 
than is to be found under normal running conditions. 

Friction in sliding bearings is dependent on the 
bearing surfaces, the lubricant, the method of lubri- 
cation, the load to be carried and the pressure per 
unit of measurement, as well as speed and tempera- 
Lure: 

It is a difficult problem to properly select the right 
composition for bearing bushings under different 
conditions of speed and load. The shaft must be 
turned and ground extremely close. The bearing 
bushings must be scraped down to fit the shaft per- 
tectly; “and in placing the bearings in service great 
care must be taken in the selection of the lubricant, 
and in watching the operation of the bearing, be- 
cause of the tendency of sliding surfaces to develop 
such an amount of friction that ‘the temperature rises 
to a dangerous point on first placing the bearings in 
service. 

Most bearing linings are made of compositions that 
are poured into a cast-iron bushing, and these com- 
positions must be uniform if good results are to be 
obtained. If the composition is overheated, or al- 
lowed to harden too slowly, the bearing surfaces are 
almost certain to lack uniformity, and there have 
been many cases where bearing metals consisting of 
lead and antimony poured in the usual way have 
shown antimony crystals in the upper half of the 
bearing, while the main body in the lower half of the 
bearing was entirely free from antimony. ‘This re- 
sult shows clearly that the hardening of the composi- 
tion had been too slow, and antimony had had a 
chance to float to the top. The bearings in this case 
were too hard where the antimony collected, and 
rapidly ruined the shaft, while the lower halves were 
too soft and were cut. 

In speaking of wearing out and heating of bear- 
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ings, the writer may mention the case of a large 
planing mill in Sweden which was equipped through- 
out, with the exception of one bearing, with S: Kiam 
Ball Bearings. This one bearing was in such a posi- 
tion on the floor that it was surrounded by chips, 
shavings and dust from the planing mill. After hay- 
ing been run under heavy 
duty one day this bearing 
became hot, ignited the 
shavings, and the whole 
planing mill was burned to 
the ground. If this mill had 
had one more S. K. F. Ball 
Bearing instead of this sin- 
gle plain bearing, it is prob- 
able that the fire would not 
have taken place. 


In connection with the 
question of lubrication for 
bearings, it may be said that 
the object of lubrication is 
to decrease friction and the 
heating of sliding surfaces 
in such manner that the 
friction between the _ shaft 
and the bearing is transfer- 
red into friction between 
the shaft, lubricant and bear- 
ing, or, as it is called, “‘liquid 
friction,’ where, due to easy 
movement of the oil particles 
among themselves, the fric- 
tion is considerably less than 
between the shaft and bear- 


ing. To attain this result 
the oil must have enough 
body” soi@that.siti isnot 


squeezed out from between 
the bearing surfaces. The 
less heavy flowing the oil is, 
however, the less is its own 
friction, and at the same 
time the lower the co-effi- 
cient. 


To obtain the least amount Fig. 1. 
of friction in a plain journal, 
we must determine what 
viscosity is best at a certain temperature, medium load 
and velocity, and after that select the best oil. These 
determinations are in many cases extremely difficult. 

Ball bearings, on account of their superiority over 
other types of bearings, are rapidly superseding them 
for the following reasons: 


Section 
Ss. K. F. Ball Bearing. 


Through 


1. There is less loss of power owing to the lower 
co-efficient of friction. This statement is based on 
results from actual tests, where savings in friction 
have been shown to be from 80 to 85 per cent. 

2. The friction in a ball bearing has practically 
nothing to do with the viscosity of the lubricant or 
the temperature : 

3. The resistance of friction at starting is lower 
than any other type of bearing. 

4. The scraping and fitting of shafts within plain 
bearing housings is entirely eliminated, 

5. There is no danger of the bearings running hot. 
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6. Machines employing ball bearings can be made 
very much shorter, owing to the fact that the bear- 
ing housings are materially reduced. 

7. A properly designed ball bearing possesses the 
inherent ability to adjust itself to deflections of a 
shaft, or a spring in the framework, due to differing 
load conditions. 

It is to be understood, however, that the above 
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its carrying capacity less in proportion to its diam- 
eter. 

Insofar as the question of speed is concerned, it 
may be said that the fatigue of steel in a bearing is 
caused by the number of load applications, and not 
by the rapidity with which the balls and races are 
subjected to these loads. 

It is, of course, absolutely essential that all the 


Fig. 2. Various Parts of S. K. F. Bearing. 


statements hold true only in°such bearings as have: 
1. The right kind of material. 
2. Good machine work. 
3. Proper construction. 
In determining the carrying capacity of a ball 
bearing, experiments have shown that the sustaining 


wwii LY Vans 
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Fig. 4. Same with Shaft Slight- 
ly Deflected. 


Fig. 3. Section Diagram 
Through Bearing. 


capacity is dependent on the size of the balls and 
the speed at which the balls rotate. 

The reason why a large ball can take less load than 
an increased number of smaller balls is because with 
an increased volume to the ball it is more difficult to 
obtain thorough and uniform hardness. This renders 


‘both races are equal. 


balls should be finished spherically, and for one and 
the same bearing they must be as nearly the same 
size as possible. A large ball in a bearing will ac- 
cept more load and become overloaded, and because 
of the fact that it has a higher velocity in the races 
than the smaller balls will cause sliding friction either 
between the balls and retainer or between the balls 
themselves. 


First-class balls are now manufactured within the 
limits of sphericity of .00008 and are assorted in 
classes in which the diameter of the balls does not 
vary more than .00008 for use in the bearings. 


A ball bearing of the right design must comply 
with the two following requirements: The balls 
must have pure rolling motion, and the races must 
be so designed that they give a maximum bearing 
surface. 


To fulfill the first requirement, the tangents to the 
balls at their points of contact must be parallel to 
the axis of rotation of the balls, and insofar as the 
design of the races is concerned the design employed 
in S. K. F. Ball Bearings has in many cases proved 
that the races have in this construction the largest 
sustaining capacity for the balls, and provide a very 
much better distribution of load within the bearing. 


These give increased reliability because the bear- 
ings, without increasing their normal dimensions, 
have a double row of balls, and the ball contacts on 
A larger contact on one race 
than on the other, as is to be found in some types of 
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ball bearings, does not increase the carrying capacity 
of the bearings, but increases the friction. 

The 5S, K..F. Ball Bearing Company shas designed 
its radial bearings in such a manner that both con- 
tact surfaces on the inner and outer race are equiva- 
lent in size and have the added advantages that it is 
a self-aligning bearing. The outside race is spheri- 
cally ground, and the bearing automatically adjusts 
itself to any deflection of the shaft. This feature is 
distinctly shown in the two cuts, Figs. 3 and 4, 

In discussing further the necessary features of ball 
bearing construction, it should be emphasized that 
the best material must be selected, material which 
has the greatest possible hardness in conjunction with 
toughness after hardening. The steel must be free 
from slag, perfectly homogeneous, and hardened uni- 
formly throughout. The best steel available should 
be forged, or rolled, so that the grain is as close as 
possible. 

Added to these requirements for a good steel, it is 
hardly necessary to point out that ball bearings for 


Figsn5; 


Side View of S. K. F. Radial Bearing. 


durable service require a very high grade of machine 
work under skilled labor, effective inspection and 
careful assembly. 

In considering the selection of ball bearings for 
various classes of machine work there are a few gen- 
eral rules which must be borne in mind at all times, 
if the ball bearing is to operate to its fullest advan- 
tage. These rules, briefly stated, are as follows: 

1. The load to be accepted by the ball bearing 
must be determined as closely as possible before the 
selection of size is undertaken, and the condition of 
this load, whether steady or variable, or subject to 
shocks, are factors which will determine whether or 
not a light type, medium type, heavy type or extra 
heavy type bearing is required. 

_ %. In mounting care must be taken that the bear- 
ing cannot be squeezed out of round. 

3. On a revolving shaft the inside race of the 
bearing should be fastened securely to the shaft 
either by means of a nut or some other locking de- 
vice, which makes the inner race practically an in- 
tegral part of the shaft. 

4. The outer race should have a “sucking” fit in 
the housing. A sucking fit will allow the outer race 
to rotate slowly when the bearings are in operation, 
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and thereby distribute the load over the whole inner 
surface of the race, without having it bear contin- 
uously in one section. 

5. Only one bearing should be held sideways to 
take lateral movement of the shaft. When other 
bearings are employed on the same shaft, they should 


Fig. 6.- Mucor Generator Set Mounted on S. K. F. Ball Bearings. 
be left free to move in their housings. This provi- 
sion is made to allow for the elongation or contrac- 
tion of the shaft due to changes in temperature or 
other causes. ae 

6. Bearings must in all cases be protected from 
dirt, dust and dampness. 

?. Ball bearings must always be lubricated. Ex- 
cessive lubrication is not required, but the lubricant 
must be chemically neutral else the chemical action 
promptly attacks the highly polished bearing surfaces 
and entirely destroys the finish which is requisite to 
the successful operation of the bearing. . 

The above rules may be considered general for 
practically any application, and the diversity of the 
field in which ball bearings are now in service has 
substantially proven that they will hold for practi- 
cally any condition. ~ 

S. Kk. F. Ball Bearings are now being extensively 
employed in the electrical field—on axle generators 
for train lighting systems, electric motors for power 
work, mining locomotive motors, electrically driven 
machine tools, high speed grinders and a variety of 
shop equipment such as is to be found in practically 
every railroad machine shop. 

Manufacturers have come to appreciate that greater 
efficiency, saving in lubrication, greater cleanliness in 
operation, reduction in machine attendance costs, 
longer bearing life and extreme simplicity, are more 
and more in demand by those who are using factory 
and shop equipments. 

To the shop superintendent they are a guarantee 
of better satisfaction, durability, lower production 
cost and increased production per given power unit 
over the plain bearing machines, and it may be said 
that of all the features which come the closest to 
those in charge of equipment the biggest of them is 
the saving in maintenance. 


CONSOLIDATED TYPE “L” REGULATOR. 

Bulletin No. 10 describes the new Consolidated type 
“L” regulator is of special interest. It will be recalled 
that this regulator is distinctive in that instead of vary- 
ing the pressure on a pile of carbon blocks, the motion 
of the plunger in the controlling solenoid actuates a 
laminated rocker contact which engages contact segments 
of the resistance unit, cutting resistance in or out, as the 
Case may be, by very slight rocking motion. 
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Electric Locomotives for the Southern Pacific Company 


The accompanying illustration shows one of the new 
locomotives just being put into freight and switching 
service by the Southern Pacific Company. The total 
consignment includes 15 locomotives which are to be of 
the 50 ton type and will operate on either 600 or 1200 
volt direct current. This locomotive when operating 
under natural ventilation will be able to exert a continu- 
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Fig. 1. 


ous draw bar pull of 5600 lbs., while with forced ven- 
tilation it can exert a continuous tractive effort of 11,- 
520 lbs. for a period of one hour. With natural ventila- 
tion the locomotive will exert a tractive effort of 17,- 
000 Ibs. at a speed of 18.4 miles per hour on a 600 volt 
circuit and with forced ventilation it is capable of exert- 
ing a tractive effort for one hour of 21,600 lbs. at a 
speed of 17.6 miles per hour on a 600 volt circuit. Un- 
der favorable conditions the locomotive can exert a 
momentary tractive effort of 30,000 Ibs. 

The cab is built of steel 18 ft. long and 9 ft. 6 in. 
wide. It is arranged for double-end ‘operation, and there 
are side steps at each end of the locomotive for the con- 
venience of the switchman. There are four motors sup- 
plied each locomotive and each motor is geared direct 
to the axle as shown diagrametically below. These 
are exactly alike except that the No. 308-B-3 motor is 
wound for 1,200 volts, while the No. 308-B-7 is wound 
for 1,500 volts. The No. 308-B-7 motor has the same 
general characteristics as the 600 volt motor of the same 
rating, but is insulated for 1,200 volts. Its normal rat- 
ing with natural ventilation is 225 horsepower at 600 
volts with 315 amperes. With forced ventilation, the 
rating of the motor is 250 horsepower at 600 volts with 
350 amperes. Its continuous rating with natural venti- 
lation and perforated covers will be 140 amperes at 300 
volts. With forced ventilation the continuous rating is 
255 amperes at 350 volts. 

These locomotives are built according to the most ap- 


_in the series position. 


proved trunk line railway practice, and the main dimen- 
sions are as follows: 


Drack Satie eas areata eee atic ch a 4 ft. 8% in. 
Wheel base *rigidvi 0) adersc+ os 5 e' 7 tt. 4 in: 
Wiheel baseat6taless ce atk ws gece. Zot 
Driving wheels, diam—outside....... 36% in. 
Driving wheels, diam.—centers...... ol in 


ELECTRI 


New Electric Locomotive for the Southern Pacific Co. 


Journialse cet eke ae ee ate ase ee te 504-ine x 10 in. 
Distance between truck centers ....... de7e {tse Sain: 

AV idthiig wees cates Se ee er” eager ee LO sit 

Height to top of cab ..........++--- Lintt. one 
Length between couple knuckles ...... Gaeits 

Weight isesetteer teammate ats eisicrs oar: 120,000 Ibs. 


The trucks are of the equalized pedestal type, the 
rectangular frames of which are forged in one piece. 
The pedestals are protected by shoes which can easily 
be replaced when worn out. 

The Westinghouse unit switch control type HL is em- 
ployed and there are three running positions provided 
for 600 volts and two for 1200 volts. A pneumatically 
operated switch has been installed which provides the 
three running positions, and this switch can be operated 
by a control from either end of the cab. It is so con- 
nected that the four motors of the car may be connected 
all in series, two motors in parallel and both pairs in 
series, or all four motors in multiple on the 600. volt 
circuit as desired. The master controller has 11 notches 
for the motors in full series, 9 notches with them in 
series parallel and 9 notches with the motors all in par- 
allel on the 600 volts circuit. In changing over to operate 
on a 1200 volt circuit two hand operated drum type 
switches are installed which readjust the divisions in 
the main resistance and locks the series parallel switch 
The master controller has the 
same number of notches available on the 1200 volt oper- 
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ation as under 600 volt operation for the full series and 
the full parallel position. 

Each locomotive is equipped with train line recep- 
tacles and plugs so that any number of locomotives may 
be operated in tandum by a single engineer in the for- 
ward locomotive. 

A special relay has been provided in addition to the 
standard control apparatus so that whenever a locomo- 
tive passes a certain point contact will be made which 
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RAILWAY LOAD FED BY A SUB-STATION 
RECEIVING POWER FROM A SINGLE- 
PHASE SOURCE. 


The operation of a three-phase rotary converter 
railway system from a power house used primarily 
to supply single-phase current for the operation of 
a trunk line railroad is of more than passing interest. 

The Stamford sub-station of the Connecticut Com- 
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Fig. 2. Side View and Transverse Section through Locomotive. 


will open all circuits of the motors. This insures that 
there can be no current through the motor when the 
trolley passes this point. In order to re-establish the 
connection through the motors, it is necessary to first 
bring the master controlled to the off position. A warn- 
ing signal is located in the cab which notifies the motor- 
man of an open switch due to overload circuit, blowing 
of the main fuse, etc. 

For the air brake equipment there are two dynamotor 
compressors provided which have a capacity of 25 cubic 
feet of free air per minute, The dynamotor is virtually 
a double motor having a double set of field windings 
and a double set of armature windings on the same pole 
pieces and armature core. When the locomotive is oper- 
ated on 1,200 volts the two windings are connected in 
series and the current for the lights and controller ap- 
paratus is tapped off across one motor winding, giving a 
voltage of approximately 600 volts. When operating 
on 600 volts one set of the armature and field coils will 
be cut out and the remaining set will operate as a series 
motor. The dynamotor runs constantly, there being a 
friction clutch pneumatically operated and controlled by 
the main reservoir pressure which drives the compressor 
whenever necessary ; it automatically cuts out and stops 
the compressor when the pressure in the reservoir be- 
comes of normal value. 

There are two fans which supply forced ventilation 
to the main motors of the locomotive and these are 
mounted on extended shafts of the dynamotor. When 
the compressor is not in service, these fans furnish suf- 
ficient load for the series dynamotor to prevent it from 
running away when the main load of the compressor is 
removed. 

The mechanical parts of the locomotive were built 
by the Baldwin Locomotive Works, while the electrical 
equipment was constructed and installed by the West- 
inghouse Electric and Manufacturing Co. 


PLAN TO ELECTRIFY AT PHILADELPHIA. 

It has been very recently announced the Pennsyl- 
vania will electrify the suburban section of its main 
line between Philadelphia and Paoli, Pa. 

The present plan is to have this work completed in 
1914 and the estimate of cost is $4,000,000. 


pany is one of three rotary converter sub-stations 
now installed and designed for operation from the 
three-phase 11,000-volt, 25-cycle circuit fed from the 
Cos Cob power station of the N. Y., N. H. & H. R.R. 
Co. The other two are the Port Chester sub-station 
of the New York & Stamford Railway Co., with a 
capacity of 1,500 kw., and the White Plains sub- 
station of the Westchester St. R. R. Co., ‘with aicas 
pacity of 1,200 kw. The Stamford sub-station con- 
tains three rotary converters’ (Fig. 1) rated at 300 
kw. each, and with each rotary converter are three 
O. I. S. C. transformers (Fig. 1) and a suitable three- 
phase reactance. 


In laying out this station a number of problems had 
to be considered: the resistance of the line between 
Stamford and Cos Cob was very low, the distance be- 
ing only three and one-half miles, and the unbal- 
ancing of voltage due to the single-phase railroad 
system was considerable, as well as very fluctuating. 
Surges of voltage were for the same reason often 
encountered, and the conditions which would exist 
when one leg of the transmission line was opened 
had to be considered and provision made for them. 


By providing sufficient taps on the 11,000 volt side 
of the transformers, it was found possible to reduce 
the maximum unbalancing of the line so far as the 
rotary converters themselves were concerned, to a 
value somewhere about one-half that on the primary 
circuit, and this arrangement, together with the re- 
actance coils and liberal design of the rotary con- 
verters, has given very good results. In order to 
take care of the single-phase condition resulting from 
the opening of one leg of the transmission system, 
the specifications called for an equipment which 
would disconnect one leg and for rotaries which 
would be capable of carrying full load for five min- 
utes being supplied with single-phase energy. The 
ability of the machine to do this has been amply 
demonstrated, there being only a slight momentary, 
and by no means objectionable, sparking when one 
leg is opened under conditions of full direct-current 
load. The disconnection of any one leg is obtained 
by the use of three single-pole, electrically operated 
oil circuit breakers on the incoming line, and by 
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means of undervoltage relays controlling the break- 
ers in the power and trolley circuits, respectively. 


The incoming three-phase 11,000-volt line is con- 
trolled by single-pole, outdoor type electrically oper- 
ated oil circuit breakers similar to those used on the 
bridges of the electrified portion of the N. Y., N. H. 
& H. R. R., but they are set at a rather high tripping 
point, so that under normal conditions the station is 


ican. 


Interior of Stamford Sub-Station. 


handled and overload protection afforded by electri- 
cally operated Westinghouse type E oil circuit break- 
ers mounted in the bus-bar structure in the building. 
These are operated and tripped from power supplied 
by a storage battery in the station. 


The switchboard consists simply of a small panel 
for control of the outdoor type single-pole oil circuit 
breakers. 


Lightning protection is afforded by a specially de- 
signed electrolytic arrester. 


Aiter being in service a period of over a year, it 
does not appear that there is any difficulty in obtain- 
ing successful operation of a rotary converter sub- 
station feeding a railway load. Careful consideration 
was given to the various points by the engineers of 
the Connecticut Company and of the Westinghouse 
Electric and Manufacturing Company, and no change 
has been found necessary in the plans adopted before 
the installation of the apparatus. It is interesting 
to note that under the new arrangement of connec- 
tions now being installed by the engineers of the 
Pye Ne Ho & H. R. R: Co. the reauirements of 
single-phase operation of the rotaries will not be 
necessary in contemplated sub-stafions, as this con- 
dition will not then arise. 


A NEW SYSTEM OF ELECTRIC WIRING. 

A system of wiring introduced by the Western Elec- 
tric Co. of London, England, seems to offer some ad- 
vantages in the way of cheapening the cost of open 
wiring installations about 40 per cent. This is known as 
the Terroid system and is made up of one wire well in- 
sulated with high grade rubber compound, on the out- 
side of which is twisted the wire for the return circuit, 
having a very low grade insulation or none at all. 

The return side of the circuit is grounded so there 
will be no trouble from the lack of insulation on the 
outside wire. 

The electrical circuit is completed in the principal con- 
ductor, through the switches and fuses of the lights, 
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motors or other current-consuming devices, and back by 
the return or earthed conductor. This is an ingenious 
application of an old principle which is adopted, for ex- 
ample, in electric railways, where the third rail or trolley 
wire is insulated, the car wheels running on the return 
conductor. 


In electric lighting on the three-wire system, the mid- 
dle wire is earthed and current of 120 or 250 volts pres- 
sure returns by the middle wire. For private installation 
a separate bare conductor acting as a return wire was in 
use in some places in England more than 20 years ago. 
It was usually run in soft metal pipes, but frequently it 
was installed without mechanical protection. In either 
case it was liable to breakage, involving the passage of 
the return current through foreign paths, which some- 
times produced not only a breakdown of the electric 
supply, but occasionally resulted in electrolytic damage. 
This system, however, fell into disuse before the general 
introduction of iron and steel conduits. 


The Terroid system combines the principal and the 
return conductor in one cable and thus casual earthing 
is prevented. For conduit work the combined wire is 
smaller than two insulated wires and therefore the pipes 
which can be used are smaller and there is not so much 
cutting away of wood work and walls to allow the pas- 
sage of the pipes. This is a most important point in 
interior installation work. Other advantages of the sys- 
tem are that no special tools are required to carry out 
the work and it can be used for the extension of an ex- 
isting installation as easily as for a new one, and also 
it can be applied to either alternating or direct current, 
conduit or casing work or open wiring. 


DIRECT CURRENT RAILWAYS. 


There has been recently issued by the General Elec- 
tric company an attractively bound book of 132 pages, 
devoted to the use of the “higher voltages” in the oper- 
ation of Direct Current Electric Railways. The bulletin 
sets forth the advantages of the “higher voltages” in this 
connection. It contains numerous tables comparing the 
various costs of 1200 volt systems as compared with 
those of 600 volts, illustrates and describes station and 
car equipments, locomotives for railroads of higher 
direct current voltages, and describes the various systems 
employing direct current at 1200, 1500 and 2400 volts. 
The bulletin contains a large amount of information both 
of interest and value to electric railway operators. 


The number of this publication is 4958. 


New G. E. Bulletins. 


The General Electric Company have just issued a 
new bulletin on type “R” single phase motors which 
supersedes their previous bulletin on this subject. 
This covers both the theoretical design, application, 
general description and detail of parts. They have 
also just issued a new bulletin on their type “W” long 
burning flame arc lamp. This lamp is designed to 
operate on alternative current series circuits. They 
have also just issued a bulletin on direct current 
motor starting and regulating panels. 


ELECTRIFICATION OF ANOTHER ENGLISH RAIL- 
WAY LINE. 


The North Eastern Railway Company has decided 
to Electrify its mineral line between Shildon and New- 
port, near Middleborough, England. This distance is 
18 miles. 
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Lighting Fixtures for Postal Cars 


The standardization of the railway postal car, re- 
sulting from the specifications issued by the U. S. Post 
Office Department, and the illumination requirements 
called for in these specifications, do not cover any 
particular type of fixture that must be used. ‘The 
question of meeting the illumination values specified is 
largely dependent on the type of lamp, the reflector 
and the location and mounting height of the light 
units. “The type of fixture employed is a question 
largely governed by the individual preference of the 
different railways, but there are several features that 
should govern the selection of the lighting fixture. 

First, the method of wiring the car is an important 
consideration. It is generally considered preferable 
~ by most railway lighting experts that conduits located 
inside the car are more accessible and that this method 
of wiring involves the lowest cost of maintenance. 
Nothing in the operation of a railway postal car argues 
against the use of this method of wiring. 


Fig. 1. The Safety Co.’s Electric Lighting Fixture for Bag Racks 


and Storage. 


Second, the selection of the type of electric lamp 
and the type of reflector to be used calls for a fixed 
relation between the lamp and reflector. Future ex- 
perience may prove that the first choice of lamps and 
reflectors was not best suited to the service, or possibly 
improvements in the art of lamp and reflector manu- 
facture may be made. It is, therefore, important that 
some provision be made for these future contingencies 
in the selection of the lighting fixture. 

Third, the accessibility to the electric wiring afforded 
by the construction of the fixture, since this feature 
involves the cost of maintenance. 

Fourth, the mechanical construction of the fixture, 


insuring the successful and economical installation and 
operation of the lighting service. 

During the tests on the Baltimore and Ohio postal 
car at Washington, which resulted in the illumination 
values contained in the Post Office Department Speci- 
fications, the Safety Car Heating & Lighting Com- 
pany supplied the type of fixture designed especially 
for these tests, and which provided for an adjustable 
mounting height of the lamp in the reflector as well 
as an adjustable height of the lamp from the floor. 
Such a type of fixture answered every purpose of the 
tests, but it was not intended for regular railway serv- 
ice, since an adjustable mounting height is-very apt 
to be adjusted by someone who is not familiar with the 


Fig. 2. The Safety Co.’s Electric Lighting Fixture for Letter Cases. 


exact requirements. This company has since devel- 
oped a line of electric fixtures designed for postal car 
service, which supply all the essential requirements 
enumerated in the previous paragraphs. . 

These fixtures comprise a reflector, a shadeholder 
and a stem and base support. The base is designed 
for inside conduit wiring, and is supplied for either 
one or two outlets for either % inch, 34 inch, or 1 inch 
conduit. 

The shadeholder is a form of the “Safety Shade- 
holder” designed particularly for the interchangeable 
lamp positions necessitated by the use of various sizes 
and wattage lamps as well as different types of re= 
flectors. 

Considering the various types of electric lamps and 
the various types of reflectors, it is necessary to pro- 
vide for a number of different positions of the lamp in 
relation to the reflector. To provide a fixture wherein 
not only the position selected for the original installa- 
tion of lamps and reflectors is maintained, but at the 
same time provide for a change in the type of lamp or 
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reflector without a change in the fixture, is a problem 
that has been solved by these types of fixtures de- 
signed by the Safety Car Heating & Lighting Com- 
pany. 

Where consideration must be given to the various 
types of lamps, various reflectors and various size con- 
duits with the number of combinations involved in the 
use of same, it is important to those selecting lighting 
equipment that a comprehensive system of designat- 
ing the complete fixture be available. The Safety Car 
Heating & Lighting Company has assigned an iden- 


Fig. 3. Type ‘‘A60’’ Holder. 


tification number to a complete fixture, which is easily 
understood, and conveys to those ordering this mate- 
rial the exact purpose to which the fixture is to be ap- 
plied. The shadeholders are designated by a letter 
signifying the mounting height of the lamp in the re- 
flector, and this shadeholder, when ordered with a re- 
flector, is designated by this letter and the last two 
numerals of the catalogue number applied to the re- 
flector. The base and stem of the fixture are classi- 
fied according to the size of the conduit to be used and 
the number of outlets required; a letter applying to 
the size of conduit and a suffix numeral to the number 
of outlets. In ordering a complete fixture the cata- 
logue designation or number consists of the letter ap- 
plied to the shadeholder, the last two numerals of the 
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complete reflector number, the letter designating the 
size of conduit, and the numeral indicating the num- 
ber of outlets required. As an illustration, if a fixture 
is required for use in a postal car at the letter case, 
wherein a G-30, 50 watt lamp is to be employed, and 
the wiring is run in a 4 inch conduit, by reference to 


Fig. 4. 


Type ‘‘F70’’ Holder. 


the accompanying table it will be noted that with the 
50 watt lamp for letter case lighting, it is necessary 
to use reflector No. 18470, and the mounting height 
for this combination of lamp and reflector is 13g inches 
above and requires a type “A” shadeholder. The des- 
ignation of this fixture would therefore be A-70-Y-1 or 
A-70-Y-2, according to whether one or two outlets are 
required for the conduit. 


SOME NEW PRACTICAL BOOKS. 

The Joseph G. Branch Publishing Company of Chi- 
cago have just announced the publication of three new 
books which will be of special interest to our readers. 

The titles of these books are as follows: 

“Alternating Current Simplified,” by Burns. 

“Electric Motors,” by Burns. 

“Practical Mathematics,” by Burns & Branch. 


These books are written in very simple terms and 
get right down to brass tacks, so that they ate a 
mighty valuable thing for an electrician to have and 
make a study of. The first two books retail at $1.50 
and the last one at $1.00. 


Lamps, Reflectors, Position of Lamp in Reflector, Location of Light Unit in Car and Designation of Complete Lighting 
Fixtures for Postal Cars and Postal Apartment Cars to Conform to Post Office Dept. Specifications. 


Relation of 


Adjust- Where 

Type and Redeeca ee — ene used in One 4” 

Wattage Numb Contact to P 1 1 

of Lamp umber Top of or type osta outlet 

Redectac of Holder Car 

50 w. G-30 18470 134” above “A” Let.-Case A'70 X* 
RpeGe30 = 18460 134” above “A” -B.R.&S* A-60.X° 
Boes-36 , 18461 134" above “A”. B.R.&S., A61 X° 
mess. 18440 1" above’ “B”™ B.R-&S.. | (B40. X° 
25 w. S-19 iedtieet? se above. ("b’) B.R cco. 41 
40 w. S-19 18470 Semabove «(Ge duel caseum e720 X* 
40 w. S-19 18460 b4”" abover “C’- B.R.&S.. 4-60 xt 
40 w. S-19 18461 Se” above,. °C’ ~B.R.&s) eC 61 xX" 
25 w. S-17 18440 ¥%4" above “D” B.R.&S. D40xX° 
25 w. S-17 18441 i above. DB R&S 2 5D41 Xt 
25 w. S-19 18470 iH above. fb —Leticcases|D 70 X° 
25 w. S-17 18470 even “E” Let. case E70 X* 
25 w. G-18%4 18440 even “R” .B.R.&S.) B40 X* 
25 w. G-18%4 18441 Evert DRS ogeer4s LX 
15 w. G-18%4' 18440 even “E” B.R.&S. E40xX? 
15w.G-18% 18441 even. ({E??. B:Rsé&S.'5 E41 X* 
25 w. G-18% 18470 4" helow. oF”. Let. case, F.70 X° 
15w.G-18% 18470 i helowe ek (et. Capcum 70 Xx" 
*Bag Racks and Storage. 


Catalog Number, Including Holder, Reflector and Base. 


Two %” One” Two 34” One 1” Two 1” 
Outlet outlet Outlets Outlet Outlets 
A 70 X? PAGO MY A %0 Y? INGA IE INO) Joe 
A 60 X” A 60 Y* A 60 Y’ A 60 Z* A 60 Z’ 
ANG lex A 61 Y* IN GIL NE INGLE IN Gal 74° 
B 40 X? B 40 Y* B 40 Y? B 40.Z* B 40 Z? 
B 41 X? Beate ye Be leyve B 41 Z* B 41 Z? 
G100e CGL00Ne G70 Ye C701IZa G70iZ2 
C 60 X? CaO we (CGO C 60 Z* @6oiZ 
@Giaxe Col WEE GiGteye @iGileZa (Cia x 
D 40 X? D 40 Y* iD AO IDL D402 
IDIZG) = Dye ID) ahE Nes D:41 Z DrMaeZ. 
D 70 xX Dios IDY Ft) NE D 70 7* D 70 Z 
E 70 X? E70 Y* Ee 70uY E 70 Z* BavO Ze 
E 40 X’ E 40 Y* E 40 Y’? E 40 Z E 40 Z? 
E 41 X’ BAtye E 41 Y? E 41 Z* BAL Zs 
E 40 X? E 40 Y* E 40 Y? E 40 Z* E 40 Z? 
E 41 X* E 41 Y* Bec iay. E 41 Z' E 41 Z? 
F 70 X? Ets Ol Nee BQO, Y" F 70 Z* F 70 Z? 
F 70 X? Om F 70 Y? Bez0rZs EF 70 Z* 
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LESSON No. 15 
Head-end System. 


The Gould Booster System. 

Some of the boys may feel that we are making a 
mistake when we take our valuable space and their val- 
uable time in describing the details of certain equip- 
ments which are either superseded or not being operat- 
ed at the present time. This course of study, however, 
is to educate ourselves in all matters of railway car light- 
ing and not simply one of learning a lot of thumb rules 
regarding car lighting apparatus. Both of the equip- 
ments described in this lesson are used only to a very 
limited extent if at all at the present time, but they 
contain many features which are of special interest 
to the student of electric car lighting. 

The Gould booster system was designed by the 
Gould Coupler Company and placed in service on four 
trains of the Pennsylvania railroad in 1907. As is well 
appreciated in all head-end operation today there must 
be some special provision made for charging the stor- 
age batteries (32 cells of battery on discharge have a 
voltage ranging from 66 volts at the beginning of 
discharge to 57 volts at the end of discharge) so the 
lamp voltage is taken at a fair average and 63 volt 
lamps are used. On charge the batteries require from 


Fig. 81. Side View of Locomotive Showing Turbo Generator. 
80 to 85 volts to charge them up to full capacity with 
normal charging current flowing, and it is very obvious 
that if this voltage is impressed on the lamps _ it 
destroys them in a very short time. Therefore, in 
order to charge the batteries to full capacity and still 
maintain the lamps at normal voltage, the Gould 
booster system was developed. 

It will be interesting to review the other types of 
head-end systems and note how the batteries are 
charged to full capacity without straining the lamps 
in each case. (See lesson No. 10, November, 1912; les- 
son No. 11, December, 1912; lesson No. 12, January, 
1913, and lesson No. 13, February, 1913.) 

The turbo generator set is mounted on the locomo- 
tive as shown in the accompanying illustration and op- 
erated at full boiler pressure. This requires steam 
nozzles as described in last month’s lesson being re- 
designed for this higher pressure. The generator was 
supplied with both interpoles, to prevent shifting of 
the field on overload (see lesson No. 2, March, 1912), 


and a compound winding on the main field of the gen- 
erator which causes the generator to give 67 volts at 
quarter load and 73 volts at full load. This rising 
voltage characteristic was considered necessary in or- 
der to care for the voltage drop in the return negative 
main from the rear of the train to the generator. This 
gives about 66 volts on the lamp circuits at all times 
whether at full load or at light load. 

On some engines the turbine has been mounted on 
top of the boiler, lengthwise between the steam and 
sand domes. This is a very much better position 
than when mounted crosswise in front of the stack as 
shown, for in the latter case the gyroscopic action of 
the turbine revolving at high speed might cause se- 


Fig. 82. Turbo Generator Mounted Cross-wise in Front of Stack. 
vere strain and wearing on the bearings as the engine 
sways from side to side when traveling at high speed. 

The booster is mounted on the locomotive tender 
as shown in Fig. 83 on the next page. This con- 
sists of three machines, a differentially wound booster, 
a compound wound motor and a series lamp booster, 
all direct connected on the same shaft. The generator 
operates so as to deliver constant voltage, the slight 
rise on full load being only such as is necessary to 
overcome line drop in the return negative main. The 
battery booster increases the voltage in the battery 
circuit by just the proper amount to charge the storage 
batteries. If a very large number of lamps are turned 
on the battery charging current is automatically re- 
duced to low value, so that the generator will not be 
over loaded. As the lamp current decreases, however, 
the battery current is automatically increased provid- 
ing the batteries need the charge. The combined volt- 
age of the generator and the booster furnishes the 
necessary battery charging voltage. 

By referring to the wiring diagram, Fig. 85, the de- 
tail of these connections may be observed. (B) is the 
battery booster, (M) the compound wound motor 
and (L) the lamp booster. It will be noted that the 
battery booster has both a shunt field and two series 
fields. One of these series fields carries the battery 
charging current and is wound so as to oppose the 
magnetism of the shunt winding, which is the larger 
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of the two. The other series winding of the booster 
carries a certain portion of the total lamp current. 
The magnetism of this lamp current coil also opposes 
the magnetism of the main shunt winding, and when 
a heavy lamp load is being carried by the generator 
the current flowing through this coil nearly balances 
the shunt coil magnetism, so that the battery booster 
voltage will be practically zero: the battery is then 
simply floating across the line. If the generator is 
overloaded, the current through this lamp series coil 
will reverse the field magnetism of the bucker and may 
actually cause a current to flow from the battery back 
to generator positive which will assist in carrying the 
load. 

If the lamp load is very light or entirely off, there 
will be little or no current flowing through the lamp 
series coil. The main shunt winding of the booster 
field is sufficient to develop about 20 volts when the 
booster armature is rotating at normal speed. The 
battery current through the series coil, however, op- 


Fig. 83. 


Showing Booster on Locomotive Tender. 


poses the magnetism of the main shunt coil and with 
normal charging current flowing, it may cut this 
booster voltage down to 5 or 6 volts, just enough to 
raise the voltage in the battery circuit to proper value. 
As the battery counter electro motive force rises as 
the charge proceeds, the battery current will taper off 
slightly, but this will cause a decrease in the opposing 
magnetism of the series coil and allows the shunt mag- 
netism to become more effective, raising the battery 
booster voltage. At the end of charge the battery cur- 
rent will have tapered off to a minimum and the bat- 


BOOSTER 


TURBO - GENERATOR 


GOULD 
Figz.d5. 


tery booster voltage will have automatically risen to 
nearly full value of 18 to 20 volts. The voltage im- 
pressed across the battery circuit is at all times the 
sum of the generator voltage and the voltage in the 
battery booster armature. 

As the batteries become nearly charged, and the 
charging current tapers off, the load on the booster 
motor will be reduced and since this is a compound 
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wound motor (the series field and the shunt field mag- 
netism acting in the same direction) the motor will 
speed up as the load falls off. This will tend to help 
out in raising the battery booster voltage at the end 
of charge. Similarly, if the battery booster is over- 
loaded due to low batteries, the speed of the com- 


Fig. 84. Train Line Connector Between Cars. 


pound wound motor will automatically slow up on this 
overload and so assist the battery series winding of 
the booster in cutting down the battery booster volt- 
age. 
The lamp booster is connected in series with the 
line and all of the lamp current passes both through 
this armature and series field. The voltage developed 
in the lamp booster will then increase directly with 
the increase in lamp load, and is so adjusted as to 
maintain a regular distribution of voltage regardless 
of train lengths and the distribution of the load. 

To operate this equipment it is simply necessary to 
open or close a steam valve in the locomotive cab. As 
the generator voltage builds up the booster motor 
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Wiring Diagram. 


starts as it is connected right across the generator ter- 
minals. When the generator voltage reaches 64 volts, 
the automatic switch on the rear of the engine tender 
closes and current will then pass through the train 
line wires, picking up the transfer switches in each 
car. This breaks the direct connection on each car 
between lamps and battery as shown in the wiring di- 
agram. The turbo generator set on the engine will 
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then provide lamp current which passes through the 
adjustable shunt and lamp current coil of the battery 
booster, through the series coil and armature of the 
lamp booster, thence through the lamp circuits in the 
various cars, returning through the lifting coils of the 


transfer switch on the negative side of the line, to the » 


automatic switch located on the rear of the engine ten- 
der and thence to the generator negative. The battery 
charging current flows from the generator positive 
through the train line to the positive side of the bat- 
teries and returning from the rear of the train through 
the train line and lifting coils of the transfer switches, 
to the automatic switch and generator negative. 

When the turbine is shut down it is only necessary 
to close the steam valve when the reverse action takes 
place; then the current through the lifting coils of the 
transfer switches falls to a certain minimum value, 
these switches all drop, connecting the lamp circuit 
of each car across its own battery. As the generator 
voltage falls still lower and a slight reversal of cur- 
rent occurs, the main automatic switch on the tender 
opens, disconnecting the turbine equipment from the 
balance of the train line. 


Axle Lighting. 
Safety Equipment Type “A.” 

The axle equipment described this month is the 
original equipment developed by the Safety Car Heat- 
ing and Lighting Company in 1909. Some of the parts 
of the equipment have given such satisfactory opera- 
tion that they are used in the latest equipment of that 
company. The frame of the generator was a large 
steel casting of the barrel type having four cast poles 
and laminated pole shoes provided with cast iron 
heads. The armature coils were made up of asbestos 
covered wire, boxed and impregnated and held in the 
slots by hard maple wedges. 

The field coils in this early equipment were treated 
with a vacuum impregnating process which made them 
oil and moisture proof. The pole changer was of a 
mechanical type, the brush rigging being mounted on 
a ball bearing rocker so that it is free to rotate be- 
tween two stops 90 degrees apart. The friction of 


the brushes against the commutator causes the rever- 


sal of this rocker when the direction of the train mo- 
tion is reversed. The positive brush then comes to 
the same point that the negative brush had previously 
been, and vice versa so that when the generator re- 
volves in the reverse direction the positive brush will 
make contact with the positive position on the arma- 
ture. 

The automatic switch is of a type similar to that 
described in our Dec., 1912, issue, consisting of a shunt 
and series coil wound on the same spindle, leaving an 
iron plunger with contact bar across the bottom. 

This generator field regulator was one of the first 
to employ the carbon disc placed in series with the 
generator field and this part of the equipment is of 
practically the same construction in the latest equip- 
ments manufactured by this company. Two sets of 
carbon discs (see Fig. 88) are compressed firmly by 
the pull of an adjustable spring (G) which is mounted 
midway between the two piles of carbon discs so that 
this pressure bears equally on each. The field current 
passes through these two carbons in series as shown 
by the dotted line. If the automatic switch has closed, 
the magnetic pull of the coil (S) downward on the iron 
plunger (P) acts through a lever to lessen the pres- 
sure cf the spring (G) on the carbon discs. This in- 
creases the resistance of the two piles of carbon discs 
and so decreases the generator field current. 
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It will be noted from the wiring diagram that the 
coil (S) is connected in series with the storage battery, 
so that after the main switch is closed a slightly fur- 
ther increase of train speed will bring the battery cur- 
rent up to the proper value and any further increase of 
current, due to increased train speed, flowing through 
coil “S” of the regulating solenoid, will pull the plun- 
ger “P” further into the coil, thus reducing the pres- 
sure on the carbon discs and so reduce the field 
strength to such an extent that this current will again 
become normal. If a slightly lower train speed is en- 
countered, the reverse will take place. The plunger 
“P” being drawn out of the coil “S” by the spring “G,” 


Fig. 86. 


Safety Type “A” Regulator Panel. 


thus strengthening the field and bringing the current 
back to normal. It is claimed that the total regulation 
between 20 and 80 miles an hour is accomplished by 
a movement of about ¥% of an inch of the plunger, so 
that it can be readily seen that the carbon resistance 
Is very sensitive. As the lamp current is entirely in- 
dependent of the battery current, the batteries are al- 
ways being charged at some predetermined rate, 
whether the lamps are being lighted or not, this lamp 
current being taken from the generator direct. The 
batteries are protected from over-charge by a bat- 
tery cut-off switch, so that when the E. M. F. across 
their terminals rises to some predetermined amount, 
the generator field strength is so reduced that the bat- 
teries practically float across, the generator. This 
switch also serves to protect the system, if an open 
circuit in the battery occurs. 

Upon referring to the wiring diagram, Fig. 88, it 
will be seen that when the battery cut-off switch Ci 
operates it makes a connection through the fine wind- 
ing (A) of the main regulating coil. The magnetism 
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of this coil is in the same polarity as the magnetism 
of the coil (S) and so increases the pull on the iron 
plunger (P) that the generator voltage is cut down to 
a comparatively low value and the battery current 
through the coil (S) is greatly reduced. As a matter 
of fact, the magnetism of the coil (A) simply replaces 


Fig. 87. Safety Type “‘A’? Lamp Regulator. 


an equal amount of magnetism provided by the coil 
(S) and the current of the coil (S) creating that mag- 
netism is correspondingly reduced. 

In the case of a broken battery connection, the gen- 
erator voltage would rise on account of no current 
flowing through the series regulating coil (S) until it 
had risen to the point at which the battery cut-off 
switch was adjusted to operate, when this switch 
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erator will again begin to charge the batteries until 
such time as the battery voltage again rises, when 
this switch will act and the cycles again repeat. 
If, as before mentioned, there is an open circuit in the 
batteries, this switch will close almost immediately 
after the train has reached the cutting-in speed and the 
lamp current will be furnished from the generator di- 
rect as before. The resistance “Q” is variable, so that 
if it is not desired to have the battery charge brought 
to zero, it can very easily be accomplished by varying 
this resistance. 

The lamp regulator possesses some new features 
which are original with this equipment. This regula- 
tor consists of a rheostat in series with the lamps, the 
rheostat being operated by a motor which is controlled 
by a special voltmeter relay. The motor is series 
wound, having its field coils opposed. The relay is a 
special Weston voltmeter movement, provided with 
special heavy jewelled bearings to withstand the 
shocks and vibration of railroad service. In place of 
the usual pointer which moves over the scale of a 
voltmeter, there is a light rod on the end of which is 
a thin piece of spring platinum-iridium. On each side 
are contacts tipped with small balls of this same ma- 
terial. The change of a fraction of a volt will cause 
this pointer to make connection with either one or the 
other of these side contacts, which short circuits one of 
the field coils, allowing current to flow through the 
armature, this short circuit and the other field coil 
which will cause the motor to operate. 

If lamps are burning there is always current in this 
motor, but the motor will not operate owing to its 
opposed field coils until one or the other of these field 
coils is practically cut out. A switch on the regulator 


A-SHUNT REGULATING COW FOR BATTERY CURRENT 
8- BATTERY 

C-FIELO RESISTANCE CARBONS 
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J-MAIN SWITCH SHUNT LIFTING COIL 
“SERIES RELEASING COIL FOR MAIN SWITCH 
M- MOTOR FOR LAMP REGULATOR 
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— LAMP REGULATOR — 


————- GENERATOR CIRCUTT 


——-— — BATTERY CUT OUT SWITCH COR CIRCUIT 
----------- GENERATOR CUT OUT COIL CIRCUIT 
——— ———— RELAY (LAMP REGULATOR) COIL CIRCUIT 


BATTERY 


FIELO > + ——+— LAMP REGULATOR MOTOR CIRCUIT 


=== == OPPOSED SERIES FIELDS FOR LAMP REGULATOR MOTOR CIR-uIT 


Fig. 88. Wiring Diagram of Safety Type “A’”’ Equipment. 


would close and energize the shunt coil (A) ; the regu- 
lator would then act as though the battery had reached 
a fully charged condition. In this case the generator 
regulation is nearly that of constant potential and the 
turning on and off of the lamps does not affect the 
voltage of the machine. When the car comes to rest, 
this battery cut-out switch will open, thus it will be 
seen that if no current is used for lamps during this 
stop, the battery cut-out switch will again close shortly 
after the train has reached the cutting-in speed. If 
current has been used for lamps at this stop the gen- 


through which the lamp current passes is provided so 
that if there are no lamps on, the motor and relay are 
dead and the resistance in circuit is that which was 
last correct for the lamps then burning. 

When any number of lamps are again turned on, 
the resistance will probably be nearer correct than if 
the motor were allowed to operate until all the resist- 
ance was cut in. Referring to wiring diagram, Fig. 88, 
it will be seen that the lamp current is taken from 
the right hand contact of main switch “FH,” which is 
positive, through the lamps to post marked “Negative 
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L No. 8,” through resistance “E,” switch coils me.” 
to post “Negative B No. 7,” thence back to the genera- 
tor. Current passing through coil “U” energizes this 
switch, closing the connection between the two con- 
tacts. The voltmeter movement is connected across 
the lamp mains, through these contacts and when the 
switch is closed the positive motor contact is also 
made. If the voltage on the lamps is higher, connec- 
tion is made between the points of the voltmeter relay 
Nos. 2 and 3; this short circuits one field, so that the 
motor runs in such a direction as to put resistance into 
the lamp circuit until the voltage on the lamps again 
becomes normal, when the pointer will resume its 
central position and the motor will cease to operate. 
When the lamp voltage is below normal, connection is 
made between posts Nos. 1 and 2, short circuiting the 
other field coil and the motor will then operate in the 
other direction to take out resistance. 

Thus it will be seen that only when the voltage on 
the lamps changes does the motor operate. The con- 
nection between the pointer and the side contacts is a 
wiping one, so that good contact at this point is al- 
ways assured, Resistance coils “V” are placed in 
shunt across the terminals Nos. 1, 2 and 3 of the re- 
lay, so as to reduce the amount of current flowing 
through these relay contacts. 

Whenever the rheostat arm is moved around in 
either direction to its extreme, it engages pivoted arms 
which make connection between the motor field coils 
and posts, Nos. 1 and 3 on the relay. The opening of 
either of these contacts breaks the circuit of the 
connection made to operate the motor:in that direction 
and thus stops the motor. The connection on the 
other side not being broken, the motor is free to op- 
erate in the other direction. The resistance coils on 
the back are exposed and are of Separate pieces, so 
that if they should become broken or burned out, they 
can very easily be replaced. The melting point of the 
wire used for this resistance is about 2,700 degrees 
Fahr. When the car is at rest current for the lamps 


flows from positive battery to the auxiliary contact on 


top of main switch and thence to the lamps. 


(Car Lighting Lessons to be Continued Next Month.) . 


Practical Stunts 
(Send in your ideas—we pay for them.) 
Short-Circuiting Contact on Auto Switch. 


After reading some of the practical stunts that have 
appeared from time to time I thought I would offer 
the following: 

Quite often the Bliss automatic switch short-cir- 


Short Circuiting Spring for Auto Switch, 


cuiting lever fails to make proper contact, either due 
to dirt having collected under the contact where sharp 
screw in the short-circuiting lever has pounded a hole 
or to any other cause which does not always permit 
the screw to come in contact with the smail hole on 
the top of the switch. When this happens I have 


RAILWAY ELECTRICAL ENGINEER 


Vol. 4, No. 11. 


known the voltage to run up as high as sixty to sey- 
enty volts, causing the taper charge or stop charge 
to work, thus preventing the machine from working. 
In order to overcome this difficulty the Santa Fe has 
constructed a wiping brush contact out of phosphor - 
bronze (like sketch enclosed) which is placed under 
the two small nuts at the top of the switch and a 
good clean contact is thus insured. I am enclosing 
sample of this contact. 


The short-circuiting lever at the top of the Bliss 
automatic switch short-circuits the resistance which is 
in series with the lifting coil. A. E.. Voigt, 


Repairing Auto-Switch Plunger. 


The other day I had a car arrive with the top of 
the automatic switch plunger burned off, caused by 
grounding the top contact arm on the plunger. Hay- 
ing no new ones in stock, I devised an efficient means 


Showing Method of Repairing Plunger. 


of repairing same. With a knife-shaped file I cut a 
V-shaped slot in the small part of the rod that was 
left on the plunger and cut the head of a 3x3/16 in bolt 
and filed it so it would fit in the V-shaped slot. I then 
drilled a hole through both and put a pin through to 
hold them together. As an extra precaution I sol- 
dered the joint and made a job just as good as a new 
plunger could have been. GEORGE GREVE. 


Auto-Switch Spring. 


For a long while I have been puzzled over cars 
coming in having main fuse blown on a type D Con- 
solidated, and upon testing out generator found every- 
thing to be in first-class condition. TI discovered re- 
cently while testing the lights in a car, that just as the 
yard engine coupled on, which it did with quite a jam 
the lights got dim for about:a second and then bright- 
ened up again. Upon investigation I found my main 
fuse blown. It seems that the jar of the coupling 
caused the automatic switch to jump up and, by short- 
circuiting the battery through the dead generator, 
blew the fuse. 


Now I have applied a stronger detention spring on 
the automatic switch which will allow it to come up a 
short way before touching the spring, but will not go 
all the way in without overcoming the resistance of 
the stronger spring. This does not affect the jumping 
in voltage of the automatic switch, as the arm can 
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rise a short way before encountering any resistance 
and then the shorter air space will greatly increase the 
magnetic lines of force, allowing it to overcome the 
increased tension of the spring. Since doing this I 
have had a very large reduction in the amount of 
blown fuses. GEORGE GREVE. 


Battery Charging Stunt. 


On headend trains having a storage battery on the last 
car it sometimes occurs that Pullman cars are picked up 


SHORT CIRCUITING PLUG 


Train Line Showing Connections when Two Wire Car is Inserted 


enroute equipped with only two train line wires. An 
electrician might think that since he had no negative 
loop wire back to the battery in the last car that 1t would 
be impossible to light this car from the headend set; but 
if you: turn up the thumb screw shown above on the 
rear connector of the car (a) just ahead of the two wire 
Pullman car (b), this will establish a connection from 
the negative loop to the negative outside train line, just 
as is done by the rear loop of the last car (c). Ifa 
_ two or three wire connector between (a) and (b), and 
the two or three wire connector between (b) and (c) is 
put up, the train circuit of car (a) and the other cars 
ahead will be on an ordinary three wire train line circuit, 
but the last two cars will feed back over the positive and 
negative outside wires as a simple two wire circuit to 
the lamps and the storage battery in car (c)—O. S. 
Jeffries. 


Generator Foot Clamp. 

Some trouble has been experienced with the cap 
screws used in holding the foot clamps on Bliss dynamos 
_ breaking off. If both clamps on one loop are off, the 

loop can be pulled or jolted from under the dynamo, 
allowing it to drop down on the road bed. If this hap- 
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pens when the train is enroute a serious accident would 
undoubtedly result. 


The Santa Fe engineers have devised a foot clamp 
that seems to remove this difficulty. The foot clamp 
and U bolt are both shown in detail with dimensions 
and as applied to a generator, in the accompanying 
illustrations. Dimensions given are correct for types 
GM) and*(O}) UyeS mia. renerators: 


Both clamp and U bolt should be made on a bull- 


in Train. 


dozer as it is necessary to have them properly formed 
in order to give satisfaction when applied. As long 
as one U bolt is-in place the loop cannot be pulled 
from under the dynamo. 

The cost of making this clamp is very small and it 


View of Foot Clamps in Service. 


is easily applied. The operation on a number of our 
equipments has shown it to be very satisfactory. 

SVL Everett. 
Grounding of Generator Leads. 

I have had quite a good deal of trouble with the U. S 
equipment, caused by the rear flexible either becoming 
grounded or opening, I find in-all these instances that 
the generator is hung exceptionally close to the truck. 

In motoring a machine in order to slacken the belt we 
push the machine back and sometimes the bolt holding 
the rear flexible lead smashes against the end sill of the 


Dimension Diagram of “U" Bolt. truck. This also happens occasionally when the car is 
aia 
4x2-/10/7 ge | 
[ates 7 ae 
————<———————_—_— 4% nl 


Dimension Diagram of Foot Clamp. 
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on the road if the belt is too short, with the result that 
the wing nut breaks through the iron washer, demol- 
ishes the flexible insulating washers and grounds the 
flexible lead or allows it to drop out entirely. 

In one case that has come to my notice, the bolt hold- 
ing the flexible lead was driven right into the field coils 
and badly damaged them. This can be overcome, of 
course, by pulling the machine forward a considerable 
distance with the spacing irons but this would require 
a much longer belt. I find that by fastening a block on 
the end sill of the truck so that the machine will strike 
the block instead of allowing the bolt to strike the sill, 
this trouble can be overcome very satisfactorily. 

George Greve. 
Removing Armature Pulleys. 


It is frequently necessary to remove a generator 
pulley and a pulley puller is not within reach in cases 
of this kind. The practice is to drive a cold chisel 
between the generator housing and the pulley. By 
doing this the flange on the pulley is frequently 
broken. Owing to the cold chisel having a sharp taper 
it throws the strain on the outer edge of the flange. 
By using two brake shoe keys (which can always be 
obtained in a coach yard), driving one in at the top 
and one in at the bottom and striking them alternate 
blows with a hammer the pulley can be quickly re- 
moved, and as the brake shoe keys have a very small 
taper they throw the strain on the heavy part of the 
pulley. A little judgment on the part of the person 
using them, and he will never break a flange. I have 
removed pulleys in this manner that I could not 
remove with a pulley puller. On Bliss type M-3 it 
will be necessary to lay an S wrench or something 
flat between the housing and the brake shoe key, 
owing to the large space between the housing and 


pulley. W.. Bias 


RESPONSE TO A TOUCHING APPEAL. 


To the Editor: 
I am inspired to relate 
That your needs of dough is up to date. 
When you have earned a measly pittance 
You should not be ashamed to ask for remittance. 
I am in hopes that all of those 
Who. are indebted to the Brother 
May awake from their sweet repose, 
And save him from disgrace, 
Lest he be compelled to hide his face. 
I hope this will stop your holler; 
Please find enclosed a lonely dollar. 
Yours truly, 
O. F. Wiley. 

Editor’s Note—The above inspired was received..in re- 
ply to a circular letter sent to delinquent subscribers. Did 
you get one? Hope not—it was a bad one, but we need 
the money. 


BALL BEARINGS. 


With the first application of ball bearings to car 
lighting service a little over two years ago, the major- 
ity of the car lighting men of the country were dis- 
posed to consider them as very much of an experiment. 
The past two years, however, has witnessed the equip- 
ment of over 500 axle generators with ball bearings, 
so it is evident that these bearings have now passed 
the experimental stage as applied to this service. 

We have published from time to time various ar- 
ticles describing certain types of bearings, one of 
which is published in this issue; but we consider it of 
fully as great interest to give the operating experi- 
ence of some of the roads using ball bearings for 
their axle generators. its 

We have written to various chief electricians re- 
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questing information on this subject and publish here- 
with a few replies received to date. 

Mr. A. McGary, Chief Electrician of the New York 
Central Lines, advises that they have had four gener- 
ators equipped with ball bearings in service for about 
18 months, and have had a number equipped during 
the past six months. “Inspection of these bearings 
at different intervals has shown no development of 
trouble, either immediate or anticipated, and it would 
seem that the ball bearing is the proper bearing for 
these generators, and that long life and satisfactory 
service can be expected.” 

Mr. F. E. Hutchinson, Chief Electrician of the Rock 
Island Lines, advises that they have had ball bearings 
in service since July, 1912, and at the present time 
have 59 generators so equipped. “So far we have not 
experienced a single case of trouble on any of them. 
The men in the yard like these equipments and I 


frankly believe that the ball bearing is one of the - 


biggest improvements that we have ever put on axle’ 
lighting generators. 

“There is one precaution, however, that must be 
tigidly observed: The grease must be very carefully 
protected so that it will not get dirty and the bearings 
must be thoroughly cleaned to remove all grit and dirt 
before new grease is applied.” . 

New instructions just issued by the Safety Car Heat- 
ing & Lighting Co. for the care of ball bearings on 
their generators state that: 

1. “When dynamos are put in service, grease pock- 
ets in caps Nos. 20074 and 20075 should be filled not 
more than two-thirds full of grease. 

2. Ball bearings should not be allowed to run more 
than six months without examination, to see if they 
need grease. If more grease is needed, the bearings 
should be thoroughly washed out with kerosene oil and 
fresh grease applied as called for in first paragraph. 

3. O. K. special non-fluid oil or No. 2-S-F Greoil 
should be used for greasing ball bearings. 

4. Should experience demonstrate that the six 
months’ period of inspection may be lengthened, in- 
formation will be issued accordingly.” 

With a six months’ period of inspection for bear- 
ings, it begins to look as if the axle lighting main- 
tainer’s job may be something easy before long, but 
even at that let’s hope the good work may proceed and 
the six months’ period of inspection be even lengthened 
as is suggested in these instructions. 


NEW PRODUCT OF THE HOLOPHANE WORKS. 

The Holophane Works of the General Electric Com- 
pany, Cleveland, Ohio, have just placed on the mar- 
ket a new product, Sudan Glass Reflectors in Panelex 
Design. Sudan Glass is absolutely new in chemical 
composition, of very delicate amber tint, when lighted, 
and translucent. Its smooth surface is said to be ideal 
for lighting service, for though its finish is practically 
dust-resisting, there is no polish or glare. Specks, 
spots and other flaws have been entirely eliminated. 

The Panelex Design of reflector is just as new as 
the Sudan Glass. This new style of reflector is with- 
out marked ribs or hollows that would catch and hold 
dust, and the lamp filament is hidden from the ordinary 
line of vision. Sudan Glass in the eminently practical 
Panelex Design, is said to demonstrate, to a new de- 
gree, large possibilities of light diffusion and re-direc- 
tion without loss of artistic worth. 

The reflectors are made in both the bowl and shal- 
low types, and are particularly desirable for use in 
office buildings, retail stores, and some rooms of resi- 
dences. 
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NEW BUSINESS DEVELOPMENT 

The West is full of long distance transmission lines 
at voltages so high they almost topple, but it also has 
live wires of other kinds. 

On February 1st the new business department of the 
Utah Light & Power Company organized a special ex- 
cursion and tour of inspection from Salt Lake and 
Ogden to the Logan roundup. Gov. Spry and most 
of the members of the state legislature, as well as 225 
members of the Utah Electric Club, were the guests 
of the expedition. Arrangements for it were made by 
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with the cadmium amalgam cathode (negative ter- 
minal) of the lamp, the arc is started by tilting the 
graphite block back again, leaving the lamp to burn 
in its normal position. The second method consists 
in mounting a contact ring within the wall of the 
tube near the cadmium amalgam electrode, this con- 
tact ring being connected by a carbon filament of 
high resistance to the positive terminal of the lamp. 
When the lamp is extinguished the walls of the tube 
are covered with a thin conducting deposit of cad- 
mium, and this is of sufficiently low resistance to 


What is it? 


Mr. C. Walter Jones, manager of the new business de- 
partment; but what interests us most-is the electric 
sign which is mounted directly on top of the last car. 
This sign is 60 ft. long by 26 in. high, and reads, “Utah 
Electric Club” on each side. The letters were made 
up of 15-watt tungsten lamps and current was taken 
direct from the 60-volt train line. A big searchlight 
was mounted on the rear platform of the last car 
and startled the natives as it was flashed in their 
houses a mile or two away; in all, the train was one 
grand blaze of electric lighted glory and Mr. H. R. 
Bucks, of the Oregon Short Line, was largely respon- 
sible for the success of this part of the expedition. 


NEW METALLIC VAPOR LAMP, GIVING WHITE 
LIGHT. 

Experiments reported by Dr. M. Wolfke, in the 
“Flektrotechnische Zeitschrift,’ seem to indicate the 
possibility of a new metallic vapor lamp which will 
give a clear white light containing fractically all the 
colors of the spectrum. 

The lamp as developed by Dr. Wolfke consists of 
the ordinary quartz tube in which is placed a cad- 
mium-mercury amalgam instead of pure mercury as 
ordinarily used in metallic vapor lamps. When the 
lamp is not in use the cadmium amalgam solidifies 
and collects as a thin coating on the inside of the 
tube. 

In all metallic vapor lamps it is the current passing 
through the metallic vapor, not any liquid or solid 
material which produces the light, so in order to start 
the lamp the cadmium amalgam in solid state must 
be volatilized. This is much more difficult than in the 
mercury lamp, but the author states that two meth- 
ods are available. A small block of graphite attached 
by a flexible iron chain to the positive terminal which, 
on tilting the tube, can be made to come in contact 


A Locomotive or an Aggregation of Fans at a Ball 


Note Electric Sign on Last Car. 


Game? 


allow a fairly strong current to flow. between. the 
contact ring and the cadmium electrode when the 
lamp is turned on. 

The current upon passing through this very thin 
deposit of metal on the wall of the tube volatilizes it 
and starts the arc. 

Pure vaporized metallic cadmium when subjected 
to electric current gives a light which is very rich in 
red rays so that illuminated objects have a dark red 
color. This difficulty is overcome, however, by the 
addition of from 3 to 10 per cent of mercury, depend- 
ing upon the size of the lamp. Mercury being espe- 
cially strong in the green section of the spectrum 
supplies this lack in the light from the pure cadmium 
with the result that the light produced by the cad- 
mium amalgam vapor is an almost continuous spec- 
trum, giving a very clear white light. 

As to efficiency of operation, the author gives the 


following table which will be of interest. 
Cadmium amalgam. 


Total Watts 
watts. Ca perc. p 
150 150 1.00 
220 310 0.71 
300 590 0.51 
380 960 0.40 
540 2,300 0.23 
620 3,800 0.16 


REVERSING MOTORS FOR PLANERS, SLOT- 
TERS, ETC. 

The General Electric Company has just issued Bul- 
letin No. A4081, devoted to the subject of Reversing 
Motors for Planers, Slotters, etc. The subject is 
treated in considerable detail, and the publication con- 
tains various curves which show the advantage of 
direct drive over belt drive, and, therefore, the ad- 
vantage of reversing motors. The bulletin illustrates 
also various auxiliary appliances. 
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Motor Talk No. 6 


ALTERNATING CURRENT MOTORS (Continued). 

Last month we considered some of the elementary 
principles of alternating currents and motors, showing 
how single, two and three phase currents differ, how 


the rotating field in a motor is produced, etc. In the 
next few talks we will consider the various kinds of 
alternating current motors separately, so in this one 
we will give further consideration to a. c. motors in 
general. 

When discussing motors it is necessary that certain 
terms be fully defined and peculiarities understood in 
order to prevent confusion, so let us see what the more 
common expressions and terms mean. ‘The most im- 
portant of these are Efficiency, Power Factor, Torque 
and Slip, so we will start with them. And, while we 
are at it, we will consider the effect and value of each 
of them in order to determine the differences between 
good and bad motors. 

If a current of 1 ampere is flowing through a tiny 
motor under a pressure of 1 volt there will be 1 watt of 
power represented. To get 1 electrical horse power 
there must be 746 watts, either a large current at small 
voltage or a smaller current at a larger voltage. So, 
if you know the voltage of your circuit and the amount 
of current flowing, you can find the horse power rep- 
resented by simply multiplying the volts by the am- 
peres (to get the watts) and then dividing by 746 to 
find the electrical horse power. 

The efficiency of any piece of machinery is the re- 
lation between the power required to run it and the 
power it gives back in the form of useful work, and 
is determined by dividing the output by the input. If 
.a motor develops 10 h. p. (10 X 746 = 7460 watts) 
and requires 10 k. w. (10,000 watts) to run it, we know 
the efficiency is 74.6 per cent because 746 divided by 
10,000 equals .746, or 74.6%. The difference between 
7,460 and 10,000 watts (2,540 watts) represents the in- 
ternal losses, which are made up of stator and rotor 
resistance losses, core loss, friction and windage. 

The efficiency of a motor at various loads is deter- 
mined by the relative values of the various losses. A 
motor with high resistance losses will have higher ef- 
ficiency at less than full load than when overloaded, 
and a motor with low resistance losses will show a 
higher efficiency on overloads than when running only 
partly loaded. 

Alternating current circuits present several pecu- 
liarities not found in direct current circuits, one of the 
most important of which is the tendency of the current 
to lead or lag behind the voltage. Induction motors 
tend to cause a lagging current to flow in the line and 
synchronous motors can be made to cause a leading 
current to flow, and both of these conditions will be 
explained when describing these motors. When meas- 
uring the power in a circuit with a wattmeter we get 
the apparent power only, because such meters are af- 
fected by the amount of lag or lead of the current. So, 
to get a record of the actual power we must use a 
voltmeter and an ammeter and multiply the readings 
to get the true volt-amperes or watts represented. 

A kilo-watt equals 1000 watts and a kilo-volt-ampere 


equals 1000 volt-amperes, so, to get the power factor of 
a motor we must divide the apparent power by the ac- 
tual power put into it. If we have a motor taking 10 
k. w. to run it on a 500 volt circuit, and our ammeter 
shows the current flowing to be 25 amperes, the k. w, 
will be 10 and the k. v. a. will be 12.5, so, the power 
factor will be .8 or 80%, because 10 divided by 12.5 
equals that. The power factor of a motor is affected 
by the reactance drop and the magnetizing current of 
the motor. 

A motor with a relatively large magnetizing current 
and a low reactance will in general have a low power 
factor at low loads and a rapidly increasing power 
factor at higher loads, while a motor with a relatively 
low magnetizing current and a high reactance will 
have a high power factor at low loads but only a 
slightly greater power factor at overloads. With the 
line voltage constant the magnetizing current remains 
practically constant, whereas the reactance drop varies 
with the current. 

Torque is the mechanical rotative or turning force 
which acts on the armature of a motor and causes it to 
turn. Torque is usually measured as being equal to 
the pounds pull at the end of an arm or radius of 1 
foot from the center of the armature shaft, and is ex- 
erted by the electro-magnetic action or pull at the 
windings of the armature. It is measured in pound- 
feet and not in foot-pounds, as is so often wrongly stat- 
ed, because foot-pounds is the measure of energy and 
not of mechanical pull. 


The starting torque of an induction motor may be 
two or three times that of its running torque, but the 
current at starting will also be greater. The torque 
at starting is effected directly by the rotor resistance 
and by the square of the line voltage, and inversely 
by the square of the impedance. (Impedance is the 
virtual resistance of an a. c. circuit and corresponds 
to the straight ohmic resistance of a d. c. circuit. It 
is also measured in ohms.) 


The running torque is directly dependent on the ro- 
tor resistance, the slip and the square of the voltage, 
whereas the maximum torque is independent of the 
rotor resistance. The current taken by an a. c. motor 
in starting is equal to the impressed voltage divided 
by the impedance, whereas with d. c. motors the cur- 
rent equals the voltage divided by the resistance. 


Slip is the proportional difference between the speed 
of rotation of the magnetic field and the speed of the 
rotor. (In Motor Talk No. 5 we explained how the 
rotating magnetic field was derived.) The amount of 
the slip or drop in speed is dependent on the resist- 
ance of the rotor, and speed variation of induction mo- 
tors is sometimes obtained by providing suitable 
means for regulating the resistance of the rotors of 
such motors. 

The slip of an induction motor, over the usual 
ranges of operation, varies directly with the load and 
the resistance of the rotor and inversely as the square 
of the voltage. In well designed motors the slip 
should be between 2% and 5% of the synchronous 
speed, although in very small motors it will be more. 
In order to develop torque it is necessary that the rotor 
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should slip, as will be seen by the following explana- 
tion. 

When current is sent through the field windings of 
an induction motor a varying magnetic flux is set up 
which crosses the armature coils and generates or in- 
duces an EF. M. F. in them. Since these coils form 
closed circuits this E. M. F. causes currents to flow in 
them, and this causes the armature to rotate by the 
reaction of these currents on the field. If the armature 
is held so it cannot turn, the coils will have heavy cur- 
rents induced in them the same as in the secondary 
of a transformer. 

But, as the armature comes up to speed the relative 
motion between the rotating magnetic field and the 
armature becomes less, so the induced E. M. F. and 
current becomes less because the armature coils cut 
fewer magnetic lines of force than before. If the arma- 
ture revolved exactly in synchronism with the mag- 
netic field there would be no cutting of lines and no 
induced current, so there would be no torque exerted. 
Hence, in order to induce currents and produce torque, 
there must be a difference in speed or slip between the 
armature and rotating field, and the greater the torque 
required in a given motor the greater must be the 
slip. When running light the speed is almost syn- 
chronous. 

From time to time during this series of Motor Talks 


_we will give other definitions as needed, and we hope 


our readers will freely ask any questions which occur 
to them. Our Question Box is for answering them 
mrereroper. to alle. se 8 a 


QUESTION BOX. 


Editor Railway Electrical Engineer. 

Dear Sir: Will you please tell me if the weather 
has any effect on electric motors? In our shop we 
have a lot of induction motors, driving machine tools, 
and when it was so cold a little while ago the motors 
would run slow. Sometimes they will run too fast, 
but generally the trouble was the other way, and they 
did not seem to have as much power as they usually 
do, either. We examined everything carefully, but 
could find nothing wrong. Our electrician looks after 
the power house and said the generator is all right, 
and that the only thing which bothered him was the 
gas engine which drives the generator. We use 220 
volts in our shop, and the frequency is 60 cycles. 


RaeDek. 
Answer. 

Your trouble is apparently not due to the effect of 
the weather on the motors, but rather to its effect on 
the gas supply. Variations in temperature only effect 
motors by varying the radiation of heat, and cold 
weather helps unless it is cold enough to harden the 
oil in the bearings. But gas is effected because mois- 
ture condenses in the mains and the pressure is also 
reduced, so you will probably find that the trouble 
your man had with his gas engine is the real fault. 

As to the motors, the speed variation there was 
undoubtedly due to the engine trouble. For, as the 
engine speed changed, the generator speed would also 
change and that would effect both the voltage and the 
frequency of your system. If you will examine the 
accompanying curve sheet, showing the effect of volt- 
age variations on an induction motor, you will note 
that the torque, current, efficiency and power factor 
all change with changes of voltage. 

The solid lines indicate the characteristics when 
operating at normal voltage, the dotted lines show 
them at 15 per cent below normal voltage and the 
dash lines show characteristics when the voltage is 
15 per cent high. Other variations in the potential 
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impressed on the motors will cause proportional 
changes. The torque or pull of an induction motor 
varies as the square of the voltage, so a reduction 
from 220 volts to 110 volts will reduce the torque to 
one-quarter of normal, and an increase to 440 volts 
would make the torque four times normal. 

When the voltage is too high, the motor will take 
less current (the watts being practically constant), 
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but the magnetizing current will be increased, and 
the power factor will be lowered and the efficiency 
raised slightly at full load. A reduction of voltage 
has the opposite effects, but the variation will be much 
greater and more noticeable. The heating is also in- 
creased at reduced voltage, and vice versa. The start- 
ing current drawn from the line for a given torque 
will vary inversely as the line voltage for all types 
of induction motors. The slip of induction motors 
for given torques also varies as the squares of the 
voltage, unless the variation is large. 


G. W. Cravens. 


TRIGGER-LOCK REVERSIBLE CONTROLLER 
FINGER. 

One of the most serious items in the maintenance of 
electric crane controllers is that of the controller fingers. 
The new reversible trigger-lock finger is a radical im- 
provement over the ordinary fingers in general use 
and will be of interest to railroad men. 

There is no wear on the phosphor-bronze finger 
itself, there being a renewal tip slipped on over the 
finger and snapped into position as shown. This can be 
removed by simply gripping the return spring loop of 
the finger with a pair of pliers, and the tip can then 
either be reversed or replaced by a new one in a mo- 
ment’s time. 

A standard size fold and recess has been adopted so 
that all tips will fit any size of finger. This greatly 
simplifies the renewal of tips, for when the finger is 
once fitted, all tips are standardized and interchange- 
able. It is not necessary to carry a stock of different 
tips for different size of controllers. 

This device is being marketed in this country by 
Richard Russell, 74 Bay street, Toronto, Canada. 


F. F. FOWLE RESUMES ACTIVE ENGINEERING 
WORK, 
rank F. Fowle announces that he has severed lus 
connection with the McGraw Publishing Company as 
one of the editors of Electrical World, and will resume 
his electrical engineering practice with offices- at 68 
Maiden Lane, Suite 1702, New: York City. 
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Motor Drive for Railroad Repair Shops 


The advantages of electric motor drive applied to 
machines and tools in shop operation have been firmly 
established in practice. It is rare indeed that railroad 
repair shops are designed nowadays without providing 
for electrical operation of the machinery, and the ten- 
dency to modernize older, existing shops by making the 
necessary changes to arrange for driving throughout by 
motors is ever increasing. Convenience, simplicity, econ- 
omy of operation, increased output, better light, safety 
are some of the characteristic benefits resulting from 
electric drive that have induced its adoption wherever 
possible by the heads of mechanical departments. 

It permits of centralization of power and a flexibility 
of distribution and control that cannot be secured easily 
any other way. Driving machines either individually 
or collectively are the two methods in general use. The 
usual practice has been to drive larger machines, such 
as big lathes, planers and boring mills, by independent 
motors and to operate smaller tools in groups from line 
shafting, belting each section to a motor. The latter 
method was often adopted when individual drive 
throughout would have been better, necessitated by the 
fact that earlier types of motors were large and un- 
wieldy and not suitable for mounting on headstocks of 
lathes or for direct connection to other machines. The 
greatly improved design of modern motors built spe- 
cially for driving shop machinery embodies compactness, 
a wide range of sizes and requisite speed variations 
when desirable. Present motors, equipped with com- 
mutating poles in general and using field weakening 
rheostats, make any speed variation up to and including 
four to one wholly practicable. Constant speed motors, 
however, fulfill the requirements largely and have been 
equally well developed for industrial service. 

Probably seventy-five per cent. of the electric power 
used for shop operation is required for constant speed 
machines and lights. The simplest form of alternating 
_ current motors, namely, the induction type with squirrel 
cage winding, is essentially a constant speed machine, 
entailing little care and minimum maintenance charges. 
Motors of this type are well adapted for the operation 
of machine tools for which constant speed drive suf- 
fices. Where adjustable speed machinery has to be con- 
sidered, the direct current motor with field weakening 
control probably offers the readiest solution for power 
application. Alternating current motors. however, have 
been applied very successfully for variable speed work 
to cranes, transfer tables, turntables, hoists, etc. 

In the railway shop power house, the most satisfactory 
arrangement for generating current consists of alternat- 
ing current generators coupled either to turbines or re- 
ciprocating engines. Whatever direct current may be 
needed can be supplied from motor-generator sets com- 
posed of direct current generators driven by synchronous 
motors. 

The line of both direct and alternating current motors 
manufactured by the General Electric Company pro- 
vides for every application of electric power to ma- 
chines and tools in railroad shops. For direct current 
constant speed operation, the type CVC motors ranging 
in standard sizes up to 20-hp., moderate speed, and the 
DLC motors built in sizes of 10-hp., slow speed, and 
above are recommended. The direct current motors 
types RL % to 1 hp. and RLC 2-hp. and above are de- 
signed for adjustable speed service. All of these mo- 
tors are of rugged and symmetrical construction with 
low centers of gravity, and are adapted especially for 


the severest duty in driving machine tools. They are 
of the commutating pole design, which affords superior 
overload and operative characteristics. Freedom from 
sparking is practically assured, and in connection with 
the adjustable speed motors a wide range of speeds is 
obtained through field control. Motors of this type 
render the highest all day service efficiency, especially 
where the fluctuation in voltage or the power demande 
are heavy. 

For constant speed service the form K line of alter- 
nating current motors for polyphase circuits is espe- 
cially applicable. Motors of this type are built with 
riveted frames in 14 to 10-hp. sizes and with skeleton 
frames in sizes 10-hp. and above. They have extreme 
simplicity of construction and great durability, owing 
to the squirrel cage type of short circuited windings 
employed. For starting, a compensator is connected in 
circuit with motors of 7%-hp. and above. The type 
RI alternating current: motors, having standard sizes 
from 1 to 15-hp., are designed for constant speed sery- 
ice on single phase circuits. Type RI motors are also 
adaptable for variable speed. By means of a speed 
controller, CR-172, a speed range of fifty per cent. re- 
duction from synchronous speed is obtained. é 


For variable speed the type M polyphase alternating 
current motors are built with riveted frames in sizes ~ 
up to 10-hp. and with skeleton frames for sizes of 10- 
hp: and above. These motors are of the collector ring 
type. A variation in speed within certain limits is se- 
cured by inserting resistance in series with the rotor, 
provided the torque against which the motor works is 
fairly constant. With some machine tools, such as bor- 
ing mills, lathes, etc., the torque varies widely, and con- 
sequently the Type M or type RI variable speed motors 
are not ordinarily suitable for use under such condi- 
tions. For service where a number of definite speeds 
will answer, the Type KT polyphase multispeed induc- 
tion motor has been developed on both constant torque 
and constant horsepower machines. This type of motor 


permits two fixed speeds, such as 600 and 1200, or 900 


and 1800 r. p. m.; or four speeds, viz., 600, 900, 1200 
and 1800 r. p. m. As the multispeed motor operates 
as fixed speed, regardless of load, this type is therefore 
suitable for use with lathes, boring mills and similar 
apparatus. All motors may be arranged for direct con- 
nection or for chain or belt drive to machines. 

For the control of motors when operating machinery, 
where frequent stopping and starting is essential, drum 
type controllers have been found to give much better 
satisfaction than other types. The General Electric 
Company offers a complete line of these controllers for 
both constant and adjustable speed motors when ap- 
plied to individual drive. All drum controllers for ma- 
chine tools are arranged for reverse operation. When 
non-reversing controllers are desired, a stop is screwed 
into the controller cap plate, against which the handle 
strikes at off position. They may be arranged to ope- 
rate through gears or sprockets. 

For direct current, Type R drum controllers are de- 
signed in a number of capacities for both constant and 
adjustable speed motors; while for alternating current 
variable speed motors of the slip ring or multispeed type, 
drum controllers designated Type T are offered in suit- 
able sizes. 

When overload and no-voltage protection are re- 
quired in addition with direct current motors. Type 
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CR-247 panel should also be used. This panel consists 
of a double-pole circuit breaker for protection against 
overload and a single-pole contactor for no-voltage pro- 
tection. 

Railway motors are generally provided with a very 
large number of turns in the field coils in order to mag- 
netize the fields with a comparatively small current flow- 
ing. This gives a field of nearly constant strength at 
all loads and results in better speed regulation, as we": 
as reducing the sparking at moderate loads. The me- 
chanical design of railway motors is very different from 
motors for stationary uses, but in general the relation of 
the parts is the same. 


Two general types of starting devices or controllers 
are used for series motors, resistances with dial switches 
or with drum controllers. The former consists of a ser- 
ies of contacts arranged in the form of a part of a circle, 
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with an arm pivoted in the center and making contract 
with the buttons or segments as it is moved around to 
vary the resistance. The drum controller consists of a 
cylindrical body carrying several circular contact rings 
and mounted in a box, with fingers arranged to touch 
the rings and cut in or out the resistance as the drum 
is revolved. In both cases the resistance box is connected 
to the switching device by several wires. 


Series motors are nearly always made to connect di- 
rect with the machine to be driven, either through  gear- 
ing or coupligs, because the use of belts is liable to lead 
to trouble if they slip off the pulleys. This has resulted 
in having many of the motors made with a shaft mounted 
on the back of the frame and geared to the armature 
shaft for the first reduction of speed. Motors for cranes, 
turntables, railway cars, etc., are made this way, with 
chain drives for some special applications. 


General Electric Ozonators 


The ozonator is an apparatus for generating ozone 
in moderate quantities by means of a high pressure elec- 
trical discharge through air. It represents the concrete 
result of investigations and experiments extending over 
a period of years, and its purpose is to deodorize and 
sterilize vitiated or indoor air. Ozone diffused through- 


Bigois 


View of Ozonator. 


out a room quickly purifies the atmosphere. Ozonators 
consume a very small amount of current and the cost 
of operation is trifling. The value of these machines for 
promoting health is readily apparentitand they are rapidly 
coming into general use in places of public assemblage, 
such as railway waiting rooms. 

Although ozone, its properties and useful application 
have been known and studied by scientific authorities for 
many years, probably a large percentage of the public 
is not acquainted with its valuable characteristics and 
practical use. In 1785 von Marum observed that oxygen 
or air through which an electric discharge had taken 
place was possessed of a peculiar odor. He referred to 
this as the “smell of electricity.” The same “smell” is 
distinctly noticeable if one happefs to be in the vicinity 
of a bolt of lightning during a thunder storm. It is 
caused by some of the oxygen in the air being changed 
into ozone, which produces the particularly fresh and 
wholesome smell of the atmosphere after an electrical 
storm. 

Ozone is a colorless gas, over a wide range of pres- 


sure and temperature, with an odor in mild concentra- 
tions resembling somewhat that of chlorine and in strong 
concentrations resembling that of phosphorus. It is an 
allotropic modification of oxygen of the formula O%, 
and is an endothermic compound, that is, one formed by 
the absorption of energy.- In the presence of oxidizable, 
or, in general, organic substances, this energy is dissi- 
pated, one atom forming a stable compound with the sub- 
stance and the remaining two existing as ordinary oxy- 
gen. The action of ozone in the atmosphere, through 
chemical affinity, oxidizes or burns up floating bacteria 
and microscopic impurities, in which the percentage of 
carbon is high. It has a germicidal effect in respirable 
quantities with no deleterious action on higher forms of 
animal life. It is Nature’s own method of purifying air. 


The General Electric Company manufactures four 
types of ozonators, the Utility, Household, Universal 
and Industrial. All of these contain a step-up trans- 
former, an ozonizer and, in some cases, a blower. The 
transformer is located in the lower part of the case and 
changes the supply voltage in the alternating current ma- 
chine to a value sufficiently high to produce ozone when 
applied to the ozone generating units. The correct volt- 
age has been very definitely determined and is estab- 
lished at a value that will not give nitrous oxide within 
limits which can be detected by the recognized methods 
of measurement. Above the transformer is the ozonizer 
proper, consisting of a bank of ozone generating units. 
Each unit consists of a cylindrical glass tube, copper 
plated on a portion of its outer surface, and within which 
is an electrode. The latter is built up of shallow per- 
forated enameled cups mounted on a spindle concentric 
with the tube. The cups are of sucha diameter as to 
allow a small but definite air gap between them and the 
bore of the glass tube. 

One high voltage lead from the transformer is con- 
nected to the outer coating of the glass tubes which are 
in multiple, and the other to the aluminum electrodes 
which are also in multiple. The charge on the outer 
coatings of the glass is induced on the inside of the tubes 
and a violet electrical discharge takes place between the 
‘aside of the tubes and the aluminum electrodes. This 
discharge through the air in the small air gap changes 
some of the oxygen into ozone. 


For use in the home, factory, railway waiting room, or 
public buildings of any sort, the ozonator is rapidly win- 
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The Five Essentials 


Columbia Mazda Lamps 


Drawn Wire Filaments 


The mechanical strength of the new 
Columbia Mazda Lamp has added greatly to 
its life. In addition it has increased elec- 
trical efficiency. We carry an immense 
stock of low voltage lamps for train lighting 
service as well as the standard sizes and 
styles of lamps for ordinary voltages. 


The Standard for Train Lighting 


Diehl Car Fans 
FOR - 
Railway Car Service 


They are the best. When the man- 
ufacturers could no longer improve the 
motor they improved the base. These 
bases are of artistic design and may be 
permanently mounted in the cars. The 
Fan is easily and quickly removed 
without disturbing its base. No 
marring of woodwork—no loss of time. 


Ask for Additional Information 


Demand on all your orders QUALITY 
THE HOUSE OF SERVICE, carrying the 


_or West. Prompt shipments are our 
ing catalogue, it will go to you for the 


~Orntral Elect 


320-326 South Fifth Ave. The House 
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TRADE MARK. 


Standard of All Rubber Insulations 


Okonite insulation with its toughness, elasticity and high 
electrical resistance is always placed concentrically around 
the conductor. The result is a product absolutely dependable. 


Wire installed in railway cars should be the best. 
Okonite is made in one grade only—THE BEST. 


D. © W. Fuses 
The Standard by Which All 
Enclosed Fuses Are Judged 


Construction of link used in fuse in operating under severe conditions. 


D. & W. Fuses are scientifically designed with maximum service 
and a resultant minimum volume of metal for a given current value. 
This enables fuses of reasonable dimensions to meet abnormal conditions 
of overload. The fibre tubes are exceptionally strong. They are 
manufactured with:steel reinforcing rings when necessary. 


Specify D. & W. Fuses and secure the protection you need. 


and SERVICE—then write us. We are 
largest stock of electrical supplies East 
specialty. If you have not our big instruct- 
asking. Write for it on your letterhead. 


ric Company 


of Service CHICAGO, ILL. 
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ning public approval. It assures a healthier atmosphere 
and is conducive to more pleasant surroundings. Through 
providing waiting rooms with ozonators, railway com- 
panies will discover a valuable auxiliary for ingratiating 
themselves still further into public favor. 


THE SHURLOCK LAMP SOCKET. 


There is little doubt but that the item of stolen lamps 
and lamps broken due to falling from their socket com- 
prises a large part of lamp maintenance expense for 
railway cars, stations, shops, office buildings, round- 
houses, etc. The Shurlock adjustment as developed by 
the Pass & Seymour Co. and illustrated herewith, pro- 
vides a means whereby this item of maintenance ex- 
pense can be entirely eliminated. The Shurlock is 
an integral part of P. & S. Shurlock sockets and 
receptacles, whereby the theft or unauthorized removal 
of the incandescent lamp is prevented. 

It is constructed, as shown in the split view, and has 
a small set screw passing through the shell of the socket 


Fig. 2. Shurlock Lamp Socket Showing Internal Construction. 


and engaging the base of the lamp. This set screw is 
thoroughly insulated from the shell by means of the very 
best white horn fibre. The head of this set screw is of 
a peculiar triangular shape, and it is not possible to un- 
lock the screw with any of the old fashioned watch keys, 
or any other devices. 

The largest electric lighting company in Chicago in- 
stalled several thousands of these on their rental cluster 
service. The installation cost them $8,000. The saving 
in lamp renewals was $42,000 per annum. 

They told an interesting story of one of their em- 
ployes who left-his key at home. He had occasion to 
attempt to change a lamp. It was after hours and the 
keys were all locked up. They had a big supply of 
tweezers, small nose pliers and all that sort of thing. This 
man spent 2% hours, using these miscellaneous odd tools 
trying to remove the lamp, but finally gave it up. He 
released it the next day within a quarter of a minute, be- 
cause he had the proper master key. 


EDISON STORAGE BATTERY COMPANY BUILDS 
NEW FACTORY. 

_The Edison Storage Battery Co., is building a new 

six story addition to their present plant which, when 


Pe 
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completed about January Ist, 1913, will provide a total 
floor space of over 22 acres which is devoted exclusively 
to the manufacture of Edison Storage Batteries. 


NOVEL DISPLAY PANEL BOARD. 


The accompanying illustration shows a novel panel 
board design which formed a part of the exhibit of the 
Bryant Electric Company at the recent sales conven- 
tion of the Western Electric Company in Chicago. 

The board consists essentially of two large concen- 
tric discs, the larger one being rigidly fastened to the 
supporting frame, while the small one is free to re- 
volve. Mounted on the periphery of the stationary 
disc were 35 brass socket caps and bases, representing 


Revolving Combination Display Panel Board. 


all the different types of the “New Wrinkle” line. On 
the outer edge of the smaller movable circle were also 
mounted 35 sockets, all of which are interchangeable 
and go with any of the 35 caps or bases. By revolving 
the wheel any combination of any certain socket with 
a certain base or cap can be shown. In all, this makes 
1225 combinations possible. 


ELECTRICAL ARITHMETIC. 


A new catalogue just published by the Electric Con- 
troller and Manufacturing Company, of Cleveland, 
Ohio, under this title, contains about a dozen practical 
motor problems each of which shows some specific ap- 
plication of automatic starters and controllers. The 
booklet contains many practical stunts which will be 
of interest and value to railway shop electricians. 


NEW QUARTERS FOR THOMPSON ELECTRIC. 


The Thompson Electric Company announces that on 
account of having outgrown its former quarters it has 
moved its office and assembly shop to 102 St. Clair Ave. 
N. W., Cleveland, Ohio. The Thompson Electric Com- 
pany manufactures an automatic cutout hanger for arc 
lamps and tungsten units which lowers the lamp right 
down to the ground without jarring or jerking, cutting 
it entirely out of circuit. 
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Electrical School for P. R. R. Men. 


The Pennsylvania Railroad has always been noted 
for its progressive and far-sighted policies, not only in 
preserving its natural resources in reforesting large 
districts and in the active development of new and 
more efficient railroad equipment, but in the education 
of its men as well. 

Consistent with its liberal policy, the P. R. R. has 
just established a School of Electricity for its em- 
ployees as outlined in another part of this issue, so 
that when the day of the more extensive electrification 
of main line divisions arrives, the present force of 
Pennsylvania men .will be well trained in electrical 
matters and fully competent to meet the entirely new 
conditions of operation and maintenance imposed by 
electrification. 
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The P. R. R. has already made plans for the elec- 
trification of its line from New York to Washington 
and the establishment of this school is without doubt 
very significant of the near approach of extensive 
electrification of trunk line divisions. The employees 
apparently fully appreciate the situation and realize 
the need of a knowledge of electricity, for within a 
month after the establishment of this school 10,000 of 
them were enrolled. 


Aside from the matter of electrification, however, 
wonderful advance of electricity in every branch of 
railroad operation has made it almost imperative that 
a railroad man be posted at least in the fundamentals 
of electricity. Whether considered as an advance train- 
ing to meet the great electrification projects of the 
near future, or simply as a general training in the op- 
eration of the vast amount of electrical equipment 
now in service, the establishment of this school of 
electricity is a sign of the times and indicates an 
awakening appreciation on the part of the higher rail- 
road officials of the importance of electrical equipment 
in all branches of railroad operation. 


Combination Fan and Lighting Fixture. 


The gyrofan unit has been installed to a consider- 
able extent in dining cars but one objection to these 
units has been the fact that twice the number of fix- 
tures were required and the upper deck of the car be- 
came congested with electrical equipment, so that the 
beauty of the car ceiling panels was largely destroyed. 
With the new combination gyrofan lighting fixture, 
as described in this issue, this difficulty is entirely ov- 
ercome. Since the fans are mounted above the light- 
ing unit they are free to revolve, yet do not cause any 
revolving or flickering shadows. 


Although this particular installation may not have 
very great merit from an artistic point of view, the 
idea is good and when a lighting fixture of the proper 
design has been installed, the fixture should become 
one of beauty as well as one of convenience and econ- 
omy. 


Gravity Readings in the Winter Time. 


It has been general practice to take specific gravity 
readings of storage batteries in car lighting service 
upon reaching the terminal and this specific gravity 
indication is then used as a basis for determining 
whether or not the battery is sufficiently charged. The 
general practice in car lighting service is to keep the 
electrolyte at a gravity of about 1.220 when the bat- 
tery is in a fully charged condition and at normal tem- 
perature. In actual practice, however, the storage 
battery is rarely fouad to be at the normal tempera- 
ture of 70 degrees F. In the winter time it may run 
down as low as 20 or even 30 degrees below zero in 
certain cases, and in the summer time it may run up 
as high as 110 degrees on certain lines operating in 
the south and across the arid plains of the west. 

Under such conditions if the storage battery electro- 
lyte is maintained at 1.220 specific gravity, unsatisfac- 
tory operation is almost sure to result. As the elec- 
trolyte warms up the gravity goes down, and as it is 
cooled to low temperature, stich as is experienced in 
winter time, the gravity goes up very materially. In 
the summer time when operating at 95 degrees in the 
shade this normal gravity, which at 70 degrees F. is 
1.220 then becomes 1.210, at 40° F. it is 1.230, at 10° 
above it is 1.240, and at 20° below this normal gravity 
is 1.250. A reading of even 1.230 in severe winter 
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months may indicate that the battery is not fully 
charged, while on the other hand a fully charged bat- 
tery may never show a gravity above 1.210. This 
clearly demonstrates the importance of considering 
temperature when taking gravity readings at the end 
of the run to determine battery condition. 

If the electrician adds acid in the warm months or 
adds water in the winter time to bring the gravity 
back to 1.220, it will in the first case damage the bat- 
tery by sulphating the plates, due to the combined in- 
fluence of high temperature and strong acid, possibly 
10 points stronger than it should be; and in the winter 
time when the battery capacity is somewhat reduced 
the dilution of the electrolyte will still further reduce 
its capacity. 

Temperature is an important item in all gravity 
readings and the men on the job should be fully in- 
formed on this point. 


Philadelphia Electrification of P. R. R. 


Although there is at the present time no official in- 
formation available regarding the details of the electri- 
fication of Pennsylvania Lines between Paoli and Phil- 
adelphia, it is rumored that alternating current will be 
used and that energy for operating the electrified zone 
will be purchased locally for the next few years at 
least. It is stated that this improvement will involve an 
expenditure of approximately $4,000,000.00 and it will 
be completed some time in 1914. 

With the electrification of the Baltimore terminal and 
tunnel of the Pennsylvania, which will undoubtedly fol- 
low shortly, and with the electrification of the terminal 
at Washington, there will be established three very im- 
portant links in the chain of the long prophesied New 
York to Washington electrification. 


Notes on Railway Electrification Progress. 


The activity in railway electrification never was 
more marked and never had a more hopeful prospect 
than at the present time. In the United States, with 
the opening of the New Haven section of the N. Y., 
N. H. & H. R. R. this month, the electrified portion 
of that system will extend to 35 miles. A special rail- 
road conference has been appointed which is composed 
of twelve citizens, two appointed by each of the gov- 
ernors of the six New England states. This body will 
consider the best methods of developing and oper- 
ating the New England railroad system, including the 
project of electrifying the terminals and providing 
adequate electric traction in both city and suburban 
districts. 


England. The electrified section of the Lancashire 
& Yorkshire railway has just been extended from 
Liverpool to Ormskirk. Electrically operated trains 
were put in service on April Ist. 


Italy. It has been decided to electrify the branch 
lines of the Italian State Railways from Giovi to 
Sampierdarena and Roneo. This work will cost ap- 
proximately $10,000,000.00 and the decision to elec- 
trify this section is the direct result of the success of 
electric traction on the Giovi main line. 

Germany. The contract for the construction of a 
new mountain railway in the Riesemgeburge, seven- 
teen miles in length, has just been awarded the Allge- 
meine Electricitats Gesellschaft. The system of work- 
ing with single-phase current at 15,000 volts and 
16 2/3 cycles on the Dessau-Bitterfeld line is now 
adopted for the Magdeburg, Leipzig and Halle section. 

Panama. The Panama Railroad is to be electrically 
operated. The transmission voltage will be 44,000, 
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stepped down at various distribution centers for run- 
ning the trains, lighting the canal, and supplying the 
power required for operating the various machine 


shops, the gates, the towing locomotives, and other — 


appliances at the dams and locks. 


Our New Headquarters. : 

Advertising is one of the greatest known forces in 
all commerce, yet, strange as it may seem, the newly 
completed advertising building in Chicago is the only 
building of its kind in the world which is devoted 
exclusively to the interests of advertising. This 
building has just been completed and on May 1st the 
Railway Electrical Engineer moved into commodious 
quarters on the eighth floor. This building is centrally 
located at 123 W. Madison St., half block East of the 
LaSalle Hotel, and we hope that our many friends 
will take opportunity of calling upon us in our new 
home. 


ASSOCIATION NEWS. 
June Convention. 

The semi-annual convention of the Association of 
Railway Electrical Engineers, which is to be held 
June 15th, will undoubtedly attract a large number 
of electrical men of the railroads from all over the 
country, for in addition to the committee reports and 
interesting papers presented at this meeting, there is 


the additional attraction of being able to attend the 


M. M. and M.C. B. conventions as well as the oppor- 


tunity of seeing the great exhibit of railway appli-— 


ances. A. R. E. E. headquarters are to be -at the 
Hotel Dennis and our Secretary specifically requests 
that all members attending the convention register at 
this hotel as a member of A. R. E. E. 

A special train known as “The Master Mechanics 
Special” will leave Chicago over the Pennsylvania at 
3 p.m. Monday, June 9th, arriving at Atlantic City 
about 2 p. m. the following day without change. This 


train is composed of all steel cars, electrically lighted © 


and is made up of sleeping, dining, library, observa- 
tion and smoking cars. 
Ist with 30 days return limit. 
from Chicago will be $29.25. 


The Question Box. 


Fare for the round trip 


Tickets will be on sale June — 


The question box of the Association can be made a 


most vaiuable feature not only to the man who asks the 
question but to all of our readers, and particularly to 
the man who answers it, provided a sufficient number 
make use of it. There is nothing that will so thoroughly 
inform a man on any subject as to go to the trouble of 
explaining it to somebody else. 

The question box department of the American Elec- 
tric Railway Association covers about 15 pages in their 
monthly magazine and nearly two dozen new questions 
come up every month. Although the electrical depart- 
ments of the steam railroads are at the present time much 
smaller in numbers of men employed than the street rail- 
way field, the difficulties of operation and the problems 
involved in the design and installation of electrical equip- 
ment are equally, if not more important, than those of 
the latter field. 
E. E. members will give this subject the proper attention 
so that the greatest possible benefit to all may result. 
Proceedings of the Association. 

Secretary Andreucetti advises that volume No. 5 of 
the Proceedings of the Association for 1912 are being 
sent out this week. There has been considerable delay 
in publishing these proceedings, largely occasioned by 
the delay in members submitted their corrected re- 
marks. 


It is certainly to be hoped that A. R.~ 


May, 1913. 


RAILWAY ELECTRICAL ENGINEER 300 


Combination Fan and Lighting Unit on the Lake Shore 


One of the most distinct improvements in car light- 
ing fixtures of recent date is that of a combination 
gyrofan lighting unit as shown in the two accompany- 
The advantages of such a 


ing illustrations below. 


This equipment as shown was installed on one of 
the Lake Shore diners and was originally designed by 
the Lake Shore engineers, with the assistance of the 
engineers of the Adams Bagnall Electric Company. 


The Gyrofan Lighting Fixture in a Lake Shore Diner. 


unit are at once evident, as it entirely relieves the con- 
gested appearance of the upper deck when gyrofans 
are suspended between each of the center deck light- 
ing units. 


of the Fixture Construction. 


Showing Detail 


The gyrofan is placed directly over the lighting unit 
and revolves about the center stem of the fixture as 
an axis. Fifty-watt tungsten lamps are installed in 
each of the center deck and 25-watt lamps in each 
of the quarter deck units, which are mounted directly 
over each table. The enclosing bowl of the center deck 
unit of this particular installation is a large Holo- 
phane bowl. By some, this may be criticised as being 
rather lacking in ornamental lines, but the artistic ef- 
fect can undoubtedly be greatly improved by install- 
ing some of the later types of box fixture units, such 
as the hexagonal unit with prismatic bottom plate as 
described in our issue of May, 1912. In all justice to 
the designers of this particular equipment, however, it 
must be remembered that this is the first car to be 
equipped with this combination gyrofan lighting unit 
and such material as was at the time available was 
used in its construction. 


This makes a very compact unit, being about 16 in. 
over all, so that there is plenty of head room in the 
car. With the addition of a more decorative lighting 
fixture, this unit can be made a very attractive and 
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pleasing one from the artistic point of view, while both 
the saving in space and fixture expense effected by this 
unit should be very material. 

One of the chief points of advantage aside from the 
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compactness of this double unit, is the fact that the 


fans are placed above the lighting fixture so that there 
is no flickering shadows caused by the fans either at 
rest or in motion. 


Most Powerful Electric Locomotives in the World 


New High Speed Type. 


Represent Signal Advancement in Electric Locomotive Design. Ten Will be Placed in 


Service in New York 


Known as the “New high speed marvel,” ten pas- 
senger electric locomotives of the most powerful type 
ever built are to be placed in commission by the New 
York Central & Hudson River R. R. Co., out of New 
York City. A very exhaustive series of tests and trial 


runs of an experimental locomotive of this type was. 


recently made on the Harlem Division. This locomotive 
was immediately put in service on the electrified section 
of the New York Terminal and a contract was awarded 
the General Electric Company for nine additional loco- 
motives of the same design, which are now under con- 
struction. 

The electric locomotives in service in the Terminal 
previous to the introduction of the new engine weigh 
approximately 115 tons. While the new locomotives are 
considerably lighter, weighing 100 tons, they are much 
more powerful, are provided with ample forced air ven- 
tilation and designed with a view to continuous high 
speed service. All the 100-ton weight is carried on mo- 
tor-driven axles, while the former locomotives have but 
70 tons weight on the driving wheels. 

The new electric engines will exert sufficient tractive 
effort to haul a train weighing 1,000 tons at 60 miles 
per hour. In regular service they have a capacity for 
developing 1,400 horsepower continuously and can de- 
velop as high as 5,000 horsepower for short periods. 
Compared with existing types of ‘electric locomotives, 
this machine has greater capacity and higher efficiency 
than any other high speed electric locomotive ever con- 
structed. Withal, its total weight, weight on the drivers 
and “dead” weight is less than that of its nearest com- 

' petitor. 

Briefly, the history of the development of the New 
York Central latest type of 600 volt, direct current, pas- 
senger, high speed electric locomotive recounts a no- 
table achievement in designing skill. The original New 
York Central electric locomotives had guiding wheels 
in the form of a pony truck with 28,000 pounds on the 
axle. There were four driving wheels, each carrying 
the armature of a direct current, bipolar, gearless mo- 
tor. To improve the riding qualities of this pioneer 
express electric locomotive, a guiding bogie truck having 
two axles was substituted for the pony truck. A fur- 
ther development in a subsequent type was to increase 
the distance between the guiding trucks and the rigid 
wheel base. The riding qualities were improved, but at 
a loss in the mechanical efficiency of the locomotive; for 
about 40 tons of surplus weight had been added and 
were being carried by the bogie trucks for the sole pur- 
pose of guiding the locomotive. The addition of motors 
to the bogie trucks and the elimination of this ineffective 
weight was the next step, so that every pound of the lo- 
comotive weight would be instrumental in producing 
adhesion and tractive effort. A still greater separation 
of the fixed wheel base and the guiding trucks length- 
ened the machine so as to necessitate constructing the 
running gear in two halves with a spring-connected ar- 
ticulated joint between the frames. Thus has been 
evolved the “New high speed marvel.” 


the two parts of the frame on the center pins. 


At the present time the New York Central & Hudson 
River R. R. Co., is operating forty-seven electric loco- 
motives in the New York Terminal service. Of these, 
thirty-five were built in 1906 and twelve in 1908. They 
are all of the 115-ton 484 type and are each equipped 
with four GE-84 bipolar, gearless motors. The new 
electric locomotive adopted by the Company is likewise 
a bipolar gearless design, but it is equipped with eight 
GE-89 motors and is designated type 4444. Each motor 
is approximately three-fourths the capacity of the GE-84 
motor used on the previous engines, making the aggre- 
gate capacity of the motors on the locomotive approxi- 


End View of Electric Locomotive. 


mately 50 per cent. greater than before and affording 
approximately 25 per cent. higher speed. 

In general, the locomotive may be described as having 
an articulated frame with bogie guiding trucks at each 
end. The cab containing the engineer’s compartments 
and that for the operating mechanism is swung between 
Each 
section is equipped with two two-axle trucks having a 
driving motor mounted on each axle. These cannot be 
distinguished as main driving or leading trucks, since 
all the axles are driving axles; but they are termed for 
clearness rigid trucks and swivel trucks respectively. 

The rigid truck is built up of heavy steel castings, the 
side frames being of a truss pattern with heavy top and 
bottom members and pedestal tie bars. The end frames 
and center cross frames are steel castings securely bolted 
to the side frames and supporting the magnet poles. The 
magnetic circuit of each truck consists of the armatures 
mounted on the axles, the magnet poles carried on the 
end frames, the side frames and an additional magnet 
bar forming a path in parallel with the side frames. The 
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whole weight of the truck is carried on semi-elliptic and 
coil springs resting on the journal boxes and equalized 
together. 

The main frame or backbone of the locomotive is a 
box girder built of 10-in. channels with 14-in. top and 
bottom plates. It is approximately 10-in. deep by 36-in. 
in width and 22-ft. in length. The frame is bolted to 
the top member of the rigid truck, and extends forward 
over the center plate of the leading truck and backward 
to the heavy hinge which connects the two halves of the 
frame. The main frame carries in its top plate the cen- 
ter pin which supports the weight of the operating cab. 
All these center pins are hollow and serve as air pas- 
sages, the main box girder frame acting as a distributing 
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Rigid wheel  basesaaee. ees «0 3 5-ft. and 6-ft. 6-in. 
‘Potalsweighttemapy areca. ss ss aos 200,000 Ibs. 
Weights perrasler intern tennis Shock 22 pte 25,000 Ibs. 
Dead weight per axle 6,395 Ibs. 

Taking up the specific features of the electrical equip- 
ment, the eight GE-89 bipolar, gearless motors each 
have the armature mounted directly on the axle. The 
field poles are carried on the truck frame, which forms 
the magnetic circuit. There are four independent mag- 
netic circuits in the locomotive corresponding to the four 
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The Most Powerful Electric Locomotive in the World, 


reservoir for the air delivered from the blower in the 
upper cab through the upper center pins and conducting 
it to the eight motors below. 

The construction of the swivel or leading truck is sim- 
ilar to that of the rigid truck, except that it carries a 
center pin and is connected to the main frame through 
this center pin instead of being bolted rigidly to it. 

This type of design affords a long flexible wheel base 
with eight axles, but restricts the length of any rigid 
portion to not more than 6-ft. 6-in. All the axles are 
equipped with motors, but the magnetic circuit for each 
truck or pair of motors is self-contained and relates 
only to the two axles in that truck. 

The cab, carried on the two center pins as stated, has 
its weight distributed between the two halves of the 
locomotive frame. It is the box type 35-ft. in length 
and 10-ft. wide. The interior is divided into three sec- 
tions. A motorman’s compartment is located at either 
end and contains the motorman’s seat, controller, air 
brake, valves, bell and whistle rope handles, and such 
parts of the control apparatus as have to be within 
reach of the operating engineer. Im the central section 
of the cab are the air compressors, blowers, contactors 
and rheostats, grouped so that they are conveniently ac- 
cessible for inspection and repair, and separated from 
the direct reach or attention of the operating engineer. 
The advantage of this arrangement is that it removes 
from the sight of the engineer running apparatus which 
might serve to distract his attention from the actual 
work of handling the locomotive and which can be in- 
spected and attended to by his assistant. This general 
type of construction leaves a fairly long platform on 
either end of the locomotive. Access to the cab is ob- 
tained through doors opening onto the platform. 

The principal data and important dimensions apply- 
ing to the locomotive are the following: 

Length inside of knuckles.........-.+++-++- 55-ft. 2-in. 
Length over cab 
Height over cab 


trucks. The magnetic flux path on each truck passes 
in series through the fields and armature of one motor, 
through the center transom and the fields and armature 
of the second motor to the end frame, and then returns 
to the starting point through the two side frames and a 
reinforcing magnet bar lying parallel with the frames. 

The motor is practically enclosed, and the field coils 
are waterproofed and armored. Each field coil is wound 
in a brass shell, the windings being in two decks of flat 
ribbon copper laid side by side. The outside turn is 
covered with insulation and an armor of sheet steel is 
clamped over it, filling the space between the sides of the 
shell in such a way as to protect the windings from 
water or mechanical injury. End shields are provided 
for each motor, which render it dust-tight and as nearly 
watertight as is possible in any motor designed with 
necessary outlets for forced ventilation. 

Each motor at its one hour rating has a capacity of 
325 amperes on 600 volts, or a continuous rating of 260 
amperes on 600 volts under forced ventilation. For the 
complete equipment of eight motors, this corresponds to 
a capacity of 13,500 lbs. tractive effort at 54 miles per 
hour for the one hour rating, and 10,000 lbs. tractive 
effort at 60 miles per hour continuously. 

The motors are electrically connected permanently in 


parallel in pairs, and the pairs can be connected in three 


combinations; viz., series, series-parallel and parallel. 
They are insulated for 1,200 volts, so that if at any fu- 
ture time it should be desired to operate the locomotive 
on 1,200 volts, the pairs of motors could be changed 
from parallel to series connections and the same speeds 
and control combinations obtained as on 600 volts. 

The control equipment on the locomotive is the well- 
known Sprague-General Electric Type M and is designed 
to operate the eight motors connected in the three com- 
binations: series, series-parallel and parallel. The ex- 
ternal regulating resistance, divided into four parts, is 
directly connected, each part to a pair of motors perma- 
nently grouped in parallel. The pairs of motors with 
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their respective resistances are connected all in series on 
the first point of the controller. The resistance is varied 
through eight points on the controller and finally short- 
circuited on the ninth or running point. The pairs are 
then operated similarly in series-parallel with all re- 
sistance cut out on the seventeenth point. Finally all 
of the parts are connected in parallel with the twenty- 
fourth step a running point. This provides a control 
with nine steps series, eight steps series-parallel and 
seven steps parallel. 

The transition between series and _ series-parallel is 
effected without opening the motor-circuit, and there is 
no appreciable reduction in tractive effort during the 
change. The smooth transition between points, both 
rheostatic and transitional, permits motor operation close 
to the slipping point of the wheels. The locomotive 
weight on the drivers is so proportioned that the motors 
operate safely up to the slipping point, which serves as 
a limit to prevent overloading the motors. The transi- 
tion between all four pairs of motors in series to series- 
parallel is accomplished by short-circuiting two of the 
pairs of motors during the instant of transfer. The 
transition between series-parallel and parallel is effected 
by means of the standard bridge method. 


The motor cutout switches are connected so that any 
pair of motors may be cut out of circuit. The locomotive 
will operate when a pair of motors is cut out with two 
groupings of the motors, the first with two pairs of mo- 
tors in series and the second with three pairs of motors 
in parallel. 


The protection of the locomotive against short circuits 
is very complete. All main fuse boxes are of the copper 
ribbon type, fitted with hinged covers to facilitate fuse 
renewals. The box is provided with a very effective 
magnetic blowout, which is energized by the current pass- 
ing through the fuse. The main fuse boxes are lo- 
cated as near as possible to the overhead trolley and to 
the third rail shoes in order to protect the wiring cir- 
cuits near the source of supply. Each pair of motors 
is focally protected by a fuse box. The main switch is 
provided with a blowout so that heavy currents can be 
opened without damage. 


_ An ammeter is located at each engineer’s position and 
records the current in the circuit of one pair of motors. 
The ammeter and air gauges are illuminated by a gauge 
light connected in the headlight circuit, so that the head- 
light switch turns on simultaneously the headlight and 
the gauge light at the same end of the locomotive. 

The main, motor rheostats are formed of cast iron 
grids mounted in a frame and insulated in mica. The 
rheostat boxes are assembled in the monitor deck of 
the locomotive. 


Current is collected by eight underrunning third rail 
shoes, or by two overhead trolleys when on gaps on 
the third rail. The overhead trolleys are the pantograph 
type and are pneumatically operated. They can be put 
into service from either engineer’s position by a foot- 
operated valve. The trolley is designed for intermittent 
use and is therefore arranged to be held in a raised 
position only while the valve is held open by the en- 
gineer’s foot. 


The headlights are the incandescent type with para- 
bolic reflectors 16-in. in diameter. The interior illumin- 
ation of the cab is provided by ten incandescent lamps 
arranged in two circuits, two lamps being located in each 
engineer’s cab and the balance in the central compart- 
ment. In each lamp circuit is a portable lamp with 
extension cord 25-ft. long. One lamp switch is located 
in each engineer’s compartment, so that from either 
end of the locomotive the lamps can be controlled in 
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that compartment, as well as half of the lamps in the 
central compartment. 


Electric heaters are placed in the two engineer’s com- 
partments. The heaters are a standard electric car type, 
fitted with especially heavy outside covers to protect 
them from the mechanical injuries to which they are 
exposed in locomotive service. 


The blower set provided for ventilating the driving 
motors is located in the central compartment. The 
blower has a capacity of 24,000 cu. ft. of air per min- 
ute and is driven by a series wound motor of the rail- 
way type. 

The air compressor is the CP-26 type. It is a two- 
stage motor driven compressor with a piston displace- 
ment of 100 cu. ft. of air per minute when pumping 
against a tank pressure of 135 Ibs. per square inch. The 
air is taken from the interior of the central compartment 
through a screen, which prevents the entrance of par- 
ticles of dust. The compressed air in passing from the 
low pressure to the high pressure cylinder is conducted 
through radiating pipes under the platform of the main 
cab. This reduces the temperature of the air and allows 
condensation of moisture before entering the high 
pressure cylinder. From the high pressure cylinder it 
is delivered into a series of air reservoirs. There are 
four of these, each 16-in. by 90-in. They are located 
under the floor of the cab and connected in series, which 
provides a further opportunity for radiation and con- 
densation. 


Leach type L double pneumatic sanders are provided. 
The sander valves are located within convenient reach 
of the engineer’s seat, and valves and sand boxes are 
arranged for sanding the track in front of the leading 
wheels when running in either direction. The bells are 
fitted with Sampson automatic bell ringers. All wiring 
is drawn through conduits and is carefully protected 
from mechancial injury. 


ELECTRIFICATION COMMISSION. 


At a recent meeting of the New York railroad club, 
Mr. F. J. Sprague outlined a plan for a technical com- 
mittee to aid steam railroads in choosing a proper sys- 
tem of electrification, and in the purchase of electrical 
energy and equipment. 


The speaker stated that if this big problem could 
be referred to a committee of representative engin- 
eers who would occupy a confidential position with 
reference to both manufacturing and railroad interests 
and who would have available the entire experience of 
the large manufacturers in the design of equipment, 
as well as the complete operating data of railway in- 
stallations already in service, some effective results 
might be obtained. 

Even assuming that the superiority of any one 
system is definitely established and that ultimate 
economy of operation and increase in capacity effected 
by electric traction is well established, the problem of 
financing the project is a very serious one. Where a 
reliable supply of energy at a reasonable rate and 
with ample reserve is available from outside interests, 
the problem of electrification then resolves itself 
simply into the construction of electrical locomotives 
and transmission equipment along the right of way. 

In conclusion Mr. Sprague stated that the principle 
manufacturing companies are now favorably disposed 
toward the establishment of a technical commission, 
to be composed of six expert engineers of wide experi- 
ence, who shall make a thorough study of the various 
systems of electrification. They are prepared to bear 
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in part or if necessary to meet the entire expense of 
such a commission. 

They also favor some scheme of financial develop- 
ment which shall relieve the railroads of part of the 
great burden of electrification. 

When the co-operation of the proper railroads is 
obtained the possibilities of this technical commis- 
sion will be realized and the excessive costs of mis- 
takes in individual judgment of any one road will be 
avoided. 


SCHOOL OF ELECTRICITY. 


Realizing the great importance of electricity in all 
branches of railroad operation at the present time 
and with the future possibility of very extensive 
electrification of terminals and main line divisions, 
the Pennsylvania railroad have very recently estab- 
lished a free course of correspondence in electrical 
engineering under the supervision of Mr. J. C. John- 
son, Supt. Telegraph. Already over 10,000 have been 
enrolled and the course will undoubtedly do a great 
good in training the employees in the fundamentals 
of electricity. 

It will be conducted as a correspondence course 
and a series of instruction papers in pamphlet form 
will be issued. The course will include elementary 
mathematics, mechanical and geometrical drawing, 
magnetism and its application to electric generators, 


‘motors, measuring instruments, telegraph, telephone, 


signaling, lighting, traction and general equipment. 
The course will tover elementary work in both alter- 
nating and direct current apparatus. Besides provid- 
ing for the education of employees in practical elec- 
trical equipment this course will be used to train a 
large number of men for the duties which will devolve 
upon them when electric traction is extensively ap- 
plied in railroad service. 

Students are invited to ask questions and a course 
of supplementary reading of text books and periodicals 
is recommended. The first lesson of this course cov- 
ers the subject of elementary arithmetic. This will be 
followed by pamphlets on primary cells, direct cur- 
rent and magnetism. There will be fourteen lessons 
in the entire course, concluding with electric traction 
and power plant design. 


C. M. & ST. P. RY. ELECTRIFICATION. 


As previously announced the Chicago, Milwaukee 
and St, Paul Railway are to electrify a portion of its 
main line through the Rocky Mountains between 
Harlowton, Mont., and Avery, Idaho, a distance of 
440 miles. Engineers of certain electrical manufac- 
turing companies are now working on the plans for 
this installation which are expected to be finished 
about the middle of 1914. It is estimated that 2% 
years will be required to actually complete the con- 
struction work after the final plans have been fully 
approved. This is the first trunk line electrification 
which is to cover entire engine divisions and for this 
reason the development of this project and the oper- 
ation of the electrified section when complete, will 
be followed with a great deal of interest. There are 
three mountain ranges included in this electrified sec- 
tion, although the grades are not very severe, there 
being but 20 miles of 2% grade and 24 miles of 1.7% 
grade. The most difficult feature of electrification, 
however, is presented by a continuous grade of 1% 
for 44 miles on the western slope of the Big Belt 
Mountains and the successful solution of this prob- 
lem will undoubtedly mark an important advance in 
this field. 


RAILWAY ELECTRICAL ENGINEER 


339 


One of the important advantages gained from this 
proposed electrification will be the elimination of 
the yards at Three Forks and Alberton. These are 
stations about 100 miles from each end of the elec- 
trified section which mark division points for change 
of engine crews and require extensive yard trackage. 
It is planned to double up on the length of the 
divisions by running the electric locomotives con- 
tinually for about 220 miles, covering two of the pres- 
ent divisions and changing engine crews midway. 

Power will be derived principally from the Great 
Falls and Thompson Falls power developments al- 
though these plants are connected with a number of 
others, so ample power is available. A permit has 
been granted by the Government to the Great Falls 
Power Company to construct a transmission line 
across public lands to carry power for this electrifica- 
tion. The details of the plans for this big electrifica- 
tion project will be announced later. 


ELECTRIC LIGHTING OF STEEL PASSEN- 
SER CARS. 

Mr. H. A. Currie, Asst. Elec. Engr. of N. Y. C. & 
IZ. R. spoke on the subject of electrically lighted 
steam cars before the recent meeting of the American 
Institute of Mechanical Engineers. He said that from 
a standpoint of practical consideration for the welfare 
of passengers, the lighting plays one of the most im- 
portant parts; therefore, every effort should be made 
to arrange the light units so that discomfort be oc- 
easioned, and to install the apparatus and wiring 
so that operating failures be reduced to a minimum. 

The two essential considerations for the designing 
engineer to keep in mind in laying out his installa- 
tion are : (a) The'arrangement of parts in a manner 
to allow of easy inspection and repair. (b) Pro- 
tection against mechanical injury. Convenience and 
accessibility of apparatus, fixtures, junction boxes 
and wiring mean much to the inspector. It is well 
known that the average inspector will pay little at- 
tention to those parts which are difficult of access, 
and much better inspection work will result where 
parts are arranged in a get-at-able manner. It is of 
equal importance that the various parts be protected 
‘n such a manner as to avoid all possibility of injury 
to them while the car is in service. 

It would be a consummation much to be desired 
if truck designers would provide a generator SUp- 
port built integral with the truck; the requirements 
are not difficult and it is certain that the generator 
builders would be glad to make their machines con- 
form to the truck builder’s suspension. As the matter 
is now handled, nothing causes them more delay and 
‘aconvenience than obtaining information about the 
numerous details of truck and underframe construc- 
tion necessary for making an intelligent layout of the 
generator suspension. 


NORFOLK & WESTERN TO ELECTRIFY 
ELKHORN BRANCH. 

The Norfolk & Western Ry. has announced that it 
will electrify its Elkhorn branch, from Eckman to 
Bluefield, W. Va., a distance of 27 miles. Preliminary 
work in connection with the project is now under way, 
but the plans are not sufficiently advanced to give out 
details. This part of the road includes very heavy 
grades through a mountain country and carries an ex- 
tremely heavy freight traffic. The road has been nego- 
tiating for power with the Appalachian Power Co., 
which operates hydro-electric plants in the vicinity. 
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The New E. S. B. Car Lighting System 


The Electric Storage Battery Company of Phila- 
delphia have just placed on the market a new axle 
lighting system which will be of special interest. to 
car lighting men as it contains many novel points in 
its design and operation. The manufacturers state 
that it is a constant voltage rather than a constant 
current system and is designed particularly with a 
view to simplicity, reliability, minimum attention and 
maximum battery life. The dynamo is of the Rosen- 
berg type which has been used very extensively 
abroad for a number of years in lighting railway cars. 
This generator, however, has been largely redesigned 
by the Electric Storage Battery Company to operate 
in connection with a special constant voltage regu- 
lator. 


Generator. 


The Rosenberg generator is a very interesting one 
to the student of electrical equipment, in fact, might 
be called a freak generator, for what is ordinarily 
understood as the terminal brushes of the machine 
B:, B: are completely short circuited and the external 


balance the distorting effect of the generator field and 
entirely eliminate sparking of the brushes due to shift- 
ing of the field. In this respect the series winding of 
this machine is identical with the “interpole” which 
has been so successfully applied to generators and 
motors recently. 

Another important advantage of this machine is the 
fact that it generates the same polarity whatever be 
the direction .of rotation, thus requiring no pole 
changer. The explanation of this is at once evident, 
for since the permanent magnetism is always main- 
tained in the same direction, a reversal of the direc- 
tion of generator rotation will cause the short ‘circuit- 
ing current between the brushes (B,, B,), circu- 
lating through the armature coils, to reverse. Thus 
the principal field magnetism of the machine will be 
reversed on reversing the direction of motion, and 
this will then provide the same polarity to the external 
circuit at all times. 


Automatic Switch. 


The automatic switch contains a new feature, for 


Wiring Diagram of New E. S, B. Car Lighting System. 


circuit is fed from an auxiliary pair of brushes Ba, Ba, 
which make contact with the armature coils as they 
pass across the center of the generator pole pieces. 

Current flowing through the primary field winding 
(F,) produces a small primary field flux represented 
by the arrow (P). This introduces a small electro- 
motive force between the two short circuit brushes 
(B,), causing a fairly heavy short circuiting current 
to circulate through the armature coils. This current 
produces a strong auxiliary, or secondary, field which 
is perpendicular to the primary field flux. This sec- 
ondary magnetism does not pass through the gener- 
ator frame, however, but simply circulates through 
the armature core and heavy pole shoes as indicated 
by the arrows (K). 

This magnetism creates the principal field of the 
generator and produces the required electromotive 
force at the external circuit for the brushes at UBF 
and B,). <A series of field winding (F,) serves to 
counteract the distortion of the field due to armature 
reaction as the load comes on the machine. This 
being 90 degrees in position from the principle mag- 
netic field of the machine, creates a magnetic flux 
which is directly opposite to that of the armature 
reaction created by the external circuit current pass- 
ing through the armature coils. Moreover, the wind- 
ing of this series field is made so as to exactly 


instead of the generator closing at a certain voltage 
regardless of what the battery voltage is, it is ar- 
ranged to close when the generator voltage exceeds 
the battery voltage by a slight amount. This will 
eliminate the jump in voltage sometimes noticeable 
when an axle equipment cuts in. The switch is also 
adjusted to open when the output of the dynamo drops 
LQ ZErO, 


Constant Voltage Regulator. 


The primary field winding F* is connected across 
Opposite junction points of the Wheatstone bridge 
W, the other two junction points being connected 
respectively to the positive and negative terminals of 
the machine. This bridge is designed to give the 
constant voltage characteristics above mentioned. It 
includes fixed resistances X in opposite branches and 
iron wire ballasts Y in the other two branches. The 
latter, on account of their high temperature coefficient, 
have a practically constant current characteristic un- 
der operating conditions. This combination of circuits 
produces a field of excitation continually diminishing 
with increase of speed. The resulting speed voltage 
characteristic of the dynamo is shown in Fig. 2. 

The voltage of the dynamo is fixed at a point slightly 
above the floating voltage of the cells, thus insuring 
that the battery is always fully charged. The differ- 
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ence between its voltage and that of the battery on 
discharge is stated to be so small, however, and the 
change from one to the other so gradual that no lamp 
regulator is required. 

Should it ever be found necessary to give the bat- 
tery a high voltage charge, this may be done during 
a daylight run by means of the fixed resistance (R), 
normally short circuited by the switch (H) and also 
by the clip (M) on the main lamp switch. When both 
of these switches are open, the voltage of the dynamo 
is raised by an amount determined by the value of 
the resistance (R). Whenever lights are required, the 
closing of the lamp switch (N) short circuits the re- 
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Characteristic Curve Showing the Regulation. 


sistance (R), reducing the voltage to normal and 
eliminating the possibility of excessive voltage of the 
lamps. During five months of continuous operation 
of this equipment, however, no occasion for such a 
high voltage charge has arisen. 

This system automatically adjusts the output of the 
dynamo to the requirements of the service, and gives 
the battery the slight amount of overcharge required 


to keep it practically full and in good condition, Should 


the battery become discharged by a prolonged stop 
with lamp load on, its charge will be rapidly restored 
during the subsequent run by a fairly heavy charge 
immediately on picking up speed. Although this is a 
constant voltage machine, the output of the generator 
and the charging rate is limited to a reasonable value 
by means of the differential series coil on the gen- 
erator primary pole pieces. Should the car be trans- 
ferred from a daylight run to one requiring consid- 
erable artificial lighting, the output of the dynamo will 
increase to meet the changed conditions of service. 
This is all accomplished automatically without man- 
ual adjustment of any kind. 


OPERATION OF BALL BEARING GENERA- 
TORS. '' 


Safety Car Heating & Lighting Co. give some in- 
teresting information on the subject of ball bearing 
maintenance. A safety generator with Hess-Bright 
ball bearings went into service July 20, 1911, and the 
car on which this generator was constantly used made 
a total of 137,933 miles to March 7, 1913, when the 
bearings were removed for measurements. 

These measurements are as follows: 

Bearing on Pulley End. 
Radial freedom; that is, freedom at right 

angles to the axis of the shaft...... 7/10000 ins. 
Endwise freedom, or axial freedom...... 10/1000 ins. 


Eccentricity, inner race revolving....... 5/10000 ins. 
Bearing, Commutator End. 
Ve EAE a0) 1, ee 10/10000 ins. 


Endwise freedom .........0.-eeeeeeeee: 13/1000 ins. 
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Eccentricity freedom ..........--...5.. 3/10000 ins. 

The’ freedom tolerances for new bearings are: 
Radisziireedon meet pares ee oi 0, aie 3.0 2/10000 ins. 
Endwise freedom 5/1000 ins. 
Eccentricity 3/10000 ins. 

Therefore the wear in 137,933 miles service travel 
has been: 


Te Cy aT Cate 6 8 6) 6 8 mm 8 (8) BO: 8) ie) xe 


Eel eelarel es aie es) si ainice 6.8) «ove is oie) 0 6. /@ 


Bearings, Pulley End. 

Radia ewear ssa eee ee eh Sk ae oe 8 
Endwise wear 
Eccentricity 


5/10000 ins. 
5/1000 ins. 
2/10000 ins. 


ainetho atu @euwa ttm 6.8) eliet' S| (0s) O\ce. \@, 'e [e, 92 '4) Ye! 


red ai einaié ametamam Sila (ene. 60 ei ecaie: (ers “e:)\e) fe: 6,8 


Bearings, Commutator End. 


Radialpwearw. sere ea en ee 8/10000 ins. 
Bndwiserweatemereu gees ats orn ache: 8/1000 ins. 
ELCCON EDICT yy seree tethnd ee erate Pits <=.) i none 


LONG RUN OF A STORAGE BATTERY CAR. 


A new Edison-Beach storage battery car recently made 
a trip of 310 miles from New York to Boston, via the 
Hudson River,and Boston and Albany routes. Vari- 
ous Boston and Albany officials made the trip with the 
car including Mr. E. J. Wright, general superintendent ; 
C. F. Smith, general superintendent of passenger trans- 
portation; L. E, Vosburgh, general passenger agent; 
G. H. Wilson, superintendent of the electric division; 
C. K. Broadhead, trainmaster of the electric division ; 
E. B. Katte, chief engineer of electric traction, all of 
the New York Central Railroad, and Mr. R. H. Beach, 
of the Federal Storage Battery Car Company, acted as 
host of the party. 

The test was a very interesting one as it offered a 
long run on a practically level grade, climbing a high 
range over 2 per cent grade and considerable curved 
track. The car which made this run is 50 ft. long over 
all, 12 ft. 6 in. high and 8 ft. 11 in. wide. It conforms 
to M. C. B. equipment interchange specifications and 
weighs complete with load 34.6 tons. Seats for forty 
passengers are provided in the main compartments and 
for ten passengers in the baggage compartment. On the 
trial run the car carried a combined live and artificial 
load equivalent to the weight of eighty-four passengers. 

The electrical equipment of the car includes four 20- 
h. p. 220-volt Diehl motors and two sets of 230 cells, 
each of Edison A-8-H storage battery, delivering cur- 
rent to the motors at approximately 240 volts. 

Following are some of the more important data taken 
from the official report of the test. 


Weight of standard battery.........-.eeeeee eee eee 8,525 
Weight of auxiliary battery..........0ceeeeeee eee eeeees 8,525 
I EAUEROLIS Oe tee oe icing soc ole siesohen euea s'e sicias om re 34.37 
Overall length of cary. 02. -4.2-.-. 50 ft. 3 ins. over couplers 
AVVGroRHa Cre WOK coos ooconeooonue 8 ft. 10% ins. over sheathing 
Height of body........ 11 ft. 10 ins. from rail to top of roof; 
12 ft. 6 ins. to top of ventilators 
CIEUGE WECM Geiition cece svete ee as ce egee ins. 
Nintbere or miOtolsmaee eae ew ese eco ie ine aeons ses gee 4 
Rating of motor... ..6..0 6. ss eeeee: 200 v. 75 amp. 700 r.p.m. 
Type [Oty Daten ys cad ta nee es malty chisel a Mie Edison—A/8/H 
Nha? Gi CallGn6 o don cnnchbdeouno ga@occoon ook 250 in each set 
Actual running time...... 11 hrs. 6 mins. 51 sec.—11.115 hrs. 
Total distance (from time table)..........-..-+--306.71 miles 
Average miles per hour............seeseeeeeeeeeeees 27.6 
Total number kilowatt hours......... sees eee e ee eee 309.1 
Average k.w. hrs. per car mile...........eeee eee eee 1.2 
Average k.w. hrs. per ton mile.......-....ee cree ee ees 035 
Total ampere Hours....1....02esceee cess eewesecrere 25 


Maximum speed : 
Total charging time on run.......3 hrs. 27 mins. (3.45 hrs.) 
Total ampere hours from charging.......++++++eeeeeerees 5 


2 
3 


The batteries were fully charged when the car left 
New York, and the run of 114 miles to Hudson was 
made at an average schedule speed of 35 m. p. h.. On 
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arrival at Hudson the car climbed 11%4 miles of 2 per cent 
grade before recharging’ The energy consumption for 
the level run of 114 miles over the main line of the New 
York Central was 3714 watts per ton mile. Through 
the courtesy of the Albany & Southern Railroad, the 
battery was recharged from that company’s third rail 
and then the run toward Boston was continued. The 
car arrived at Springfield, Mass., 98 miles distant from 
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Hudson, with about one-third of the full charge left 
in the batteries, and this after having climbed the Berk- 
shire Hills to an elevation of 1,450 ft. and negotiated 
many grades, including one continuous up-grade of 1 
per cent for 8 miles. 

The battery received a short boosting charge at Spring- 
field while the party had dinner. The remainder of the 
run, 98 miles, to Boston was covered without event. 


Ball Bearings 


A Talk by Mr. W L. Batt Before a Special Meeting of the Pioneer Train Lighting Association, St. Louis 


I consider it an opportunity to talk to you gentle- 
men on the subject of Bearings for axle generators, 
since it is you who come in closest touch with these 
bearings. 

In a brief talk I want to show you that a ball bear- 
ing is the most reliable form of axle generator bearing 
and explain something of what is necessary to obtain 
the best results from it. 

Let us consider the service under which the bear- 
ings on an axle generator operate. The machine ex- 
traordinarily heavy for its output is hung directly on 
the truck frame and driven by a heavy double belt 
to which any amount of tension may be applied. It 
is subject to an enormous amount of shock as the 
truck passes over the roadway and large end thrusts 
are imposed on the bearings as the truck sways from 
side to side. A very severe bearing condition is 
further brought about as the generator hammers back- 
ward and forward due to the play of the driving 
axle box in the pedestal way. 

When one compares this severe service with that 
of the ordinary generator, it is not difficult to see why 
the plain sleeve bearing with nothing more substan- 
tial than a thin film of lubricant separating the fast 
moving and the fixed surfaces, is such a frequent 
source of trouble. You are familiar with the various 
attempts made to improve the sleeve bearing to a 
point of reliability. The grease lubricated bearing ; 
the oil bearing; the oil and waste and many modifica- 
tions have been tried with varying success. Such 
remedies only palliated the evil—it was apparent to 
thoughtful engineers that the sliding of one part in 
another with the imperative necessity for a thin film 
of lubricant must be done away with. The solution 
is found in the Hess-Bright ball bearing with which 
many of you are familiar. It can be easily applied 
to a machine, simply removed; it requires only the 
most occasional attention and will safely carry, for 
many years, all the load and shock which may ever 
come upon it. Its life will not be materially affected 
by any belt tension which may be put upon it and a 
lapse in inspection or lubrication, while not to be 
commended, will ordinarily cause no trouble. 


It is probably difficult for you to see why a ball 
bearing can thus carry loads which the plain bearing, 
with its long so-called surface contact is unable to 
carry. You, perhaps, think of the axle generator ball 
bearings in terms of the too-familiar bicycle bearings 
which were prolific of trouble without end and yet 
the ball bearing with its freedom from friction, made 
the bicycle possible. 

Let us first take up the construction of the Hess- 
Bright ball bearing with the development of which 
I have been associated for many years. 


It consists of two hardened rings and a series of 
balls rolling between. The inner ring, or raceway, 
is a snug fit on the armature shaft and rotates sub- 
stantially as a part of that. The outer raceway is 
a slip fit in the housing and is stationary. Between 
these two paths of hard, tough alloy steel, and in 
deep grooves, the balls roll. It will be readily appar- 
ent to you that because of these grooves a full circle 


Fig. 1. Hess-Bright Ball Bearing, Railway Type. 

of balls cannot be put in. As many as possible are 
put in by holding the two rings éccentrically to- 
gether; the balls are then spaced evenly, and a heavy 
manganese bronze ring in halves, but with pockets 
for each of the balls, is inserted and the halves riveted 


together. 


This then results in a heavy rugged unit, capable 
of carrying large amounts of end thrust as well as 
radial load. The balls do not carry load on points as 
is frequently suggested, but on very substantial areas 
of contact. They roll truly and the friction loss is 
slight. For all axle generator work, one size of 
bearing, the No. 412, is used by all manufacturers 
on all types of machines and on both ends of each. 
This is in order that it may not be necessary for your 
companies to carry a wide stock of bearing sizes as 
you do now of pulleys and plain sleeve bearings. 
The bore of this bearing is 60 m/m or 2.3622, the out- 
side diameter 150 m/m or 5.9055 and the width 35 
m/m or 1,3780. The Hess-Bright bearing contains 
balls 1- 1-16” in diameter—each of which requires the 
enormous load of 90,000 Ibs. before crushing. The 
cut in Figs. 2 and 3 shows very clearly the method 
of application of the bearings to a generator. 

Two complete bearings are used on each machine, 
one on the pulley end and one on the commutator 
end. These are, as stated before, of the same size. 
The method of mounting on different types of 
machines vary considerably. In Fig, 2 shown here- 
with, the bearing on the pulley end is solid on the 
shaft, the inner race being confined between the 
shoulder and a nut rigidly locked. The bearing on 
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the commutator end is on a straight keyed sleeve, 
the hole being locked up by a nut. Another form of 
application consists in carrying the pulley end bear- 
ing on a sleeve which is locked by the pulley and that 
in turn by the nut on the end of the armature shaft. 
This is for greater freedom in removing the bearing. 
Where the bearing is tight on the shaft, occasionally 
some difficulty is experienced in freeing it. 

The bearing on the commutator end of Fig. 3 is 


Fig. 2. Safety Generator on Hess-Bright Bearings. 


held on a taper bushing, as it is frequently urged 
that a taper bushing may be more easily removed 
from the shaft than a straight bushing. You will 
notice that grooves are employed in the caps where 
the shaft passes through to better retain lubricant and 
on the back end of the machine, next to the pulley 
felt is used although this is rather indistinct in the il- 
lustration. This is a further means of protection and 
provision against the entrance of foreign material 
from the outside. When grease pipes are employed 


Fig. 3. 


Gould Generator on Hess-Bright Bearings. 


they usually lead off horizontally or at a slight angle 
to the horizontal, on the side of the machine opposite 
to the belts. They are capped in some appropriate 
manner. You will see that considerable space for 
lubricant is left available. The housing should never 
be entirely full of grease but rather from 1% to 2 
full. he 

In lubricating ball bearings, you should use grease 
that contains no free acid and one that will not be- 
come thin in service. You will readily see that grease 
containing acid would quickly attack the finely pol- 
ished surfaces of the balls and races. When this 
smooth surface is destroyed, the friction will be enor- 
mously increased and finally the balls and races ruin- 
ed. A grease that becomes thin in service would do 
no harm to the bearing itself, but would merely run 
out of the housing into the generator frame and be 
lost. : 

Be sure that the bearing housing is properly filled 
with lubricant when the equipment goes into service, 
then watch the bearing to see how much is being 
actually taken up. Do not go around with a grease 
gun every time the car makes its appearance and 
force in some grease. If you do, the result will be 
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that the grease is merely forced into the machine be- 
cause the housing can only hold a certain amount. 

The equipments as put on the market have a 3%” 
pipe to which the grease gun can be attached but this 
has been found to be too much of a temptation for 
many men, as they feel that they would rather grease 
too much than too little and when there is ready 
means of greasing, they will use it. On that account 
some have entirely removed the pipe and lengthened 
their lubricating periods to four or six months, at 
such times they entirely remove the machine and 
clean out the bearings and add a new change of fresh 
grease. Where an equipment is always on its home 
road this is feasible and very desirable. It will be 
a matter of experiment with each road just how often 
the machines should be greased. If you find grease 
in the body of the machine, you know that you are 
greasing too often and the periods between greasing 
can be lengthened. Really, the best way to ascer- 
tain how much grease is in the bearing is to remove 
the cap, then if there is not enough in it, some can 
be added. When you remove the bearing cover on 
the end of the machine, you must be very careful not 
to allow any dirt to fall into the bearing. If you 
take it off and lay it on the right of way and put it 
back without cleaning it out, you will probably get 
cinders into the machine. Naturally the cinders will 
not do the balls and raceway any particular good. 
I am emphasizing this, for such things may happen 
as there are careless and thoughtless men who will not 
realize the necessity of keeping the bearings clean. 
If you will keep a bearing clean and grease it occa- 
sionally, I am positive you will get almost perfect 
results. 


Discussion, 

Mr. Franx:—I would like to ask a question as to 
how you may test for the amount of grease in the 
bearing. We have no record as to when the machines 
were greased and [ do not know just how to make 
a positive test. 


Mr. Batr:—If you take the cap off the commutator 
end and find that there is plenty of grease in the bear- 
ing, there is no need of adding any more, but if you 
find it practically dry, of course, it will be necessary 
to add the proper amount. I spoke of taking the cap 
off the commutator end as that is more accessible, 
and no doubt, conditions are the same at both the 
commutator and pulley end. If there is grease in 
the commutator end, there will be grease in the pul- 
ley end and vice versa. I am not in favor of grease 
eun lubrication. I know machines are being run with- 
out taking off the caps for six months. I think this is 
as long, however, as they should go. 

Mr. Hatm:—I might suggest that you explain how 
the armature is taken out. 


Mr. Batr:—That will depend entirely upon the 
type of machine which is being considered. In Fig. 2 
for instance, the armature would necessarily be re- 
moved from the back end. The best means would 
probably be to take off the cover on the commutator 
end by removing the small studs, shown ins the cut; 
then taking the nut from the end of the armature. 
Going to the back end of the machine it would then 
be necessary to remove the large screw bolts which 
hold both the front and back cap and to then pull 
off the housing. When that is free the armature may 
then be removed, carrying with it the ball bearing 
on the pulley end, together with the cap which will 
be loosely on the shaft inside of it and leaving the 
bearing on the commutator end in the housing. This 
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is only typical explanation because different types of 
machines will require altogether different treatment. 
The only difficulty which is apt to be encountered in 
this particular type of machine is in removing the 
bearing itself from the armature shaft, in case that 
should be necessary. It is for that purpose, that in 
many cases the bearing on the pulley end has been 
put on a sleeve so that it may be more freely with- 
drawn. 

Mr. DiENsBAcH :—What is the effect if the grease be- 
comes heated? 

Mr. Batr:—It begins to soften when the machine 
becomes heated. Any grease will begin to soften at 
certain temperatures. The average grease melting 
point is 190° F. I do not know of any one that has 
taken any temperature tests of ball bearing housings 
in service but know it is well below that point. 

Mr. ELBREDER:—What grease do you recommend? 

Mr. Batr:—Many of the railroads are using Rob- 
inson & Sons, Greoil, with very good results 

Mr. Batr:—If there are any further questions re- 
garding ball bearings, I will be glad to answer them. 
This is a new Association You can gain a lot of 
knowledge and information, simply by talking over 
various subjects among yourselves. Then it gives us 
supply men an opportunity to get acquainted with 
you. While this is a new club, and to my knowledge 
the only axle light club in this country, I think you 
have started a good move, particularly because of 
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the fact that many railroads enter here. In Phila- 
delphia we could not have a club of this kind as there 
are only two railroads. 

I wish you all sorts of success. At one time the 
Master Car Builders’ Association was not as strong 
as it is today. The Association of Railway Electrical 
Engineers is made up of your representatives and 
they have got to be supplied with material, ideas, 
questions, etc., and unless they get this information 
from you, where else are they going to gain it? I 
want to thank you for your attention and I again 
wish you all sorts of good luck and success in the 
future. 

Before stopping I would like to say that I have a 
little booklet which I got up for the Convention at 
Chicago, and if any of you gentlemen would like to 
have a copy of same, if you will give me your name, 
I will see that you get one. 

PRESIDENT :—Gentlemen, if you have any ques- 
tions to ask, get up and state them, as Mr. Batt will 
gladly answer them. 

Mr. Reep:—I make a motion that we give a vote 
of thanks to Mr. Batt for giving such valuable infor- 
mation on ball bearings. 

Mr. Brrcw:—I second that motion. 

Vote unanimous. 

Mr. Batr:—If you will take reasonable care of the 


ball bearing equipments I will consider that the best | 


sort of thanks. 


Motor Talk No. 7 


ALTERNATING CURRENT MOTORS. (Continued.) 


In the two preceding Talks we considered some of 
the more important elementary features of alternating 


current motors in general, so let us now discuss the 


various types of a. c. motors in a more detailed man- 
ner. 

There are two general types of a. c. motors in com- 
mon use today, those which run at a fixed speed re- 
gardless of load and called “synchronous motors,” and 
the other and much larger class called “induction” or 
asynchronous motors, whose speed varies slightly with 
the load. It is this latter class which is used to drive 
machine tools of nearly all kinds, so we will give that 
type first consideration. 

Induction motors are made for use on all systems of 
distribution, single-phase, two-phase, three-phase, etc., 
and for all commercial voltages and frequencies, but 
the majority are three-phase because they offer sev- 
eral advantages over the other forms and are simple. 

Single-phase induction motors are less economical 
than three-phase motors as to both first cost and Op- 
eration, and are not so satisfactory with respect to no- 
load current, powerfactor, overload capacity or start- 
ing torque. Quarter-phase or two-phase motors are 
not desirable because of the added complication due 
to the control of a four-wire system and very few 
two-phase circuits have been installed. 

Polyphase or multiphase induction motors consist 
of the usual stationary element or stator and the re- 
volving element or rotor. There is no electrical con- 


nection between the stator and rotor, as with direct 
current machines, the action being magnetic like that 
in a transformer and as described in the March issue 
of this paper. 

The speed of induction motors is very nearly con- 
stant, being fixed by the number of poles and the fre- 
quency of the circuit, but falls off slightly under loads. 
As the load increases the speed is reduced more rapid- 
ly until the point of maximum capacity (break-down 
point) is reached when the speed suddenly drops to 
zero. Whenever possible, high speed induction mo- 
tors should be used because their operating charac- 
teristics are better and they cost less than slow speed 
motors of the same capacity, 

The two general types of constant-speed induction 
motors are known as the “squirrel-cage” type and the 
“wound-rotor” type. The first is so named because 
the armature conductors consist of copper bars laid in 
the slots and short-circuited together at each end by 
copper rings, so they would look somewhat like a cage 
if considered separate from the armature core. The 
wound-rotor type takes its name from the fact that the 
conductors are wound separately on a form, similar 
to the coils for a direct-current armature, before being 
placed in the slots. The coils are then connected to 
collector rings around the shaft at one end, similar to 
a. C. generators, and are supplied with brushes to 
which the motor currents are led through a suitable 
resistance and controller from the line. 

This resistance may be designed to stay in circuit 
continuously, where a reduction of speed may be nec- 
essary, or it may be arranged for starting duty only 


May, 1913. 


and cut. out after the motor is up to speed. Wound- 
rotor motors may be built for either constant or vari- 
able speeds whereas squirrel-cage motors are gener- 
ally used for constant speeds only. 

When choosing a constant-speed induction motor 
for some particular service there are several points to 
consider. The standard squirrel-cage motor has no 
moving parts carrying current, hence is suitable for 
dirty or dusty locations or where sparking would be 
dangerous, but it has the disadvantage of a compara- 
tively low starting torque per ampere of current re- 
quired. Such motors will draw from the line, for a 
few seconds while starting, several times the normal 
full load current in order to develop the equivalent of 
full load torque. If the motor is very large this is 
likely to cause a line disturbance that will affect other 
apparatus, especially any lamps which might be on the 
same circuit. 

Only the very smallest squirrel-cage type motors 
should be switched directly onto the line, the rush of 
current with larger ones demanding the use of a suit- 


able starting device or an auto-transformer to reduce’ 


the impressed voltage when starting, and consequently 
limiting the current. The starting torque will be re- 
duced more rapidly than the current, however, be- 
cause the torque varies in proportion to the square of 
the voltage while the current varies directly as the 
voltage. That is, if your voltage is reduced to one- 
half, the torque will be reduced to one-fourth but the 
current will be reduced to only one-half that due to 
full voltage.’ If it is necessary to develop a large 
starting torque a comparatively large amount of cur- 
rent must be taken from the line, so the voltage should 
not be reduced unless it is necessary to limit the maxi- 
mum current used. The maximum torque of induc- 
tion motors is usually two or three times the full load 


torque, and this is true of both squirrel-cage and 


wound-rotor type motors. 

It is evident from the foregoing that the important 
point to consider when choosing an induction motor 
is its starting torque rather than its maximum torque, 
this being true for either type. Where the starting 
duty is severe and there is an objection to a large 
starting current, a wound-rotor motor is particularly 
suitable. The starting current necessary to obtain the 
equal of full load torque would be only a little greater 
than full load current, whereas a squirrel-cage motor 
will take four or five times as much. The efficiency 
is slightly less than that of a squirrel-cage motor be- 
cause of greater losses in the rotor, and the “slip” or 
drop in speed from no load to full load is somewhat 
greater. 

Where the use of a wound-rotor type motor is not 
desirable, such as in dirty locations, etc., and yet a 
high starting torque is necessary, a squirrel-cage type 
motor with a high resistance rotor may be used. This 
usually means that the short-circuiting rings at each 
end of the armature conductors are made of small 
enough section (or low conductivity material) to in- 
crease the resistance to the required amount. In com- 
mercial motors the torque at starting is, up to a cer- 
tain point, proportional to the rotor resistance (as pre- 
viously stated) hence increased torque may be ob- 
tained by the method stated. 

The next Motor Talk will deal with Single Phase 
Motors. 


CLOTH PINIONS. 


The General Electric Company has just issued a 
new bulletin on “Cloth Pinions.” While this bulletin, 
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No. A4110, supersedes the company’s previous bulle- 
tin on this subject, it contains additional data relative 
to tooth dimensions and instructions for the selection 
of pinions. 


A NEW SELF-REGULATING DYNAMO. 


The London Electrical Review publishes a descrip- 
tion of a new self-regulating constant current dynamo 
recently devised by Mr. A. A. Price, of London. The 
principle of the construction is shown in the accom- 
panying diagram. 

The armature and brush gear is built up on a sleeve 
which is mounted on the shaft, and driven by balls 
which engage in spiral grooves cut in the shaft; the 
armature is held in position between the pole magnets 
by a coil spring, which is partly recessed in the sleeve. 
the tension of which is adjusted by a nut. When the 
dynamo has attained a speed sufficient to give the 
required output, the reaction between the armature 
and the field magnets will cause the armature to wind 


Sectional Diagram of Self Regulating Dynamo. 


along the shaft and partly compress the spring, leav- 
ing its normal position and moving to a region where 
it is traversed by a smaller magnetic flux, thus auto- 
matically taking up a position compensating for the 
increase of speed. The same action takes place on re- 
duction of speed, but in the opposite direction, the 
armature winding itself back into a stronger field. It 
is claimed that the voltage remains constant from 800 
to 3,800 r.p.m., and the machine is specially suitable 
for the lightning of motor vehicles; it is very eco- 
nomical in its action and can be constructed for either 
a forward or reverse drive. 


NEW RAILROAD BUILDINGS AT UNIVERSITY 
OF ILLINOIS. 


The University of Illinois, which has for years de- 
voted much attention to the subject of railroad prob- 
lems, both of equipment and operation, has recently 
completed a new Transportation Building and new 
Locomotive and Mining Laboratories which was for- 
mally dedicated on May 8th and 9th. A large num- 
ber of invitations have been extended to everyone in- 
terested. 

Various prominent railroad officials and public men 
will deliver addresses, among whom are Mr. Samuel 
Insull, president Commonwealth Edison Co., Chicago; 
Mr. J. G. Panghorn, special representative, Baltimore 
& Ohio R. R., Baltimore, Md.; Mr. C. B. Young, Me- 
chanical Engineer, Chicago, Burlington & Quincy R. 
R., Chicago; Governor Edward F. Dunne, and Mr. C. 
H. Markham, president Illinois Central R. R. 
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Lesson No. 16 
Axle Lighting 


KENNEDY REGULATOR. 

This regulator was placed on the market by the 
Consolidated Railway Electric Lighting and Equip- 
ment Company in 1906 and has been in successful op- 
eration on a large number of cars since that time. 
This was the first equipment to employ a special lamp 
voltage regulator which was entirely independent of 
battery condition or number of lamps in use, and the 
manufacturers of this equipment deserve credit for 
the advanced stand they took in the matter at that 
time. Yee y 


Machine Regulator. 

Although this regulator was an entirely new design 
it contains many of the fundamental principles under- 
lying the operation of the old type “A” regulator. The 
regulator controls the generator on practically a con- 
stant current basis although this is slightly modified 
as explained later. The generator output is controlled 
by varying the generator field resistance. A small mo- 


Fig. 89. 


Regulator with Cover Removed. 
the Left and Machine Regulator Coils on the Right. 


Lamp Regulator Coils on 


tor operates a cam shaft through a worm gear as 
shown in Fig. 89 in somewhat the same manner as 
on the old type “A” equipment and the control is 
effected by means of the pair of solenoids shown on 
the right hand side of Fig. 89. 

It will be noted that there are two cam followers, 
one above and one below each cam with a slight clear- 
ance between. These cam followets are attached di- 
rectly to the floating plungers of the two small sole- 
noids above and when the output is too high the low- 
er follower will be drawn into contact with the re- 
volving cam and will turn one of the pair of ratchet 
wheels shown on the left hand side of Fig. 91, operat- 
ing the field resistance arm which cuts in generator 
field resistance and so reduces the generator output. 
The magnetic pull of the solenoid is balanced against 
the adjustable pull of a spring. This spring is of fair- 
ly heavy bronze wire and the adjustment is made by 


twisting the spring. The initial adjustment is made 
at the factory and a small dial with various ampere 
settings and indicating arrow is mounted at one end 
of the shaft. The regulator can then be set at any 
desired output as indicated on this dial without act- 
ually testing the machine on the road. 

It will be noted that there are two windings on each 
current solenoid, The main generator current passes 
through the heavier winding and the generator lamp. 
current through the smaller pair of coils. These coils 
are wound so that the magnetism of the lamp circuit 
coils opposes that of the main generator coils and 


Fig. 90. 


Type A. Generator. 


when the lamps are turned on this requires a high- 
er generator output to produce the same magnetic 
pull on the floating plungers of these two coils. This 
provides that the batteries will be charged somewhat 
at night, yet during the day time when all of the gen- 
erator output must go into the batteries, the rate will 
not be excessively high. 


Lamp Voltage Regulator. 

The lamp voltage of this regulator is maintained 
constant irrespective of battery voltage, number of 
lamps in use, the speed of the train or any other vari- 
able. A pair of solenoids shown on the left hand side 
of Fig. 89 are wound with fine wire and placed in series 
with a resistance directly across the lamp circuit. The 
plunger of this double solenoid engages a double cam 
follower which is operated by the revolving cam shaft 
in the same manner as explained above for the ma- 
chine regulator. If the voltage jis too high the plunger 
will be drawn up and the lower follower come in con- 
tact with the revolving cam. This will cause a small 
pawl to oscillate rapidly back and forth and engaging 
one of a pair of ratchet wheels, will drag the contact 
arm of the lamp resistance around step by step cutting 
resistance into the lamp circuit. When the voltage 
falls below normal, the solenoids will drop down and 
allow the upper follower to come in contact with the 
cam and this will engage the other ratchet wheel and 
drag the resistance contact arm back in a reverse di- 


May, 1913. 


rection, cutting out resistance from the lamp circuit 
and bringing the lamp voltage back to normal. 

The regulator may be set to operate at any certain 
voltage by adjusting the tension on a small spiral 
spring instead of exerting a direct pull as is found in 
most devices. This spring adjustment is made by 
means of a small ratchet wheel on the end of the shait. 
Automatic Switch. 

The automatic switch is identical with that ex- 
plained in connection with type “A” equipment in our 


Fig. 91. “View from Opposite Side of Regulator Shown in Fig. 89. 


November 1912 lesson No. 10, except for detail in re- 
gard to its mounting. 


Generator. 


With earlier equipments, the original type “A” gen- 
erator was employed as described in the above les- 
son. 


Reducing Charge Feature. 


As an auxiliary appliance to the Kennedy regulator 
there has been developed a reducing charge switch 
which may be set to close on any predetermined volt- 
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Fig. 92. Wiring Diagram of Kennedy Regulator with Charge 
Reducing -Feature. 
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age by means of an adjusting spring. When this volt- 
age switch closes, it will allow current to flow through 
a pair of auxiliary shunt coils of fine wire which are 
placed on the two machine regulator solenoids, These 
auxiliary coils are wound so that their magnetism is 
in the same direction as that generated by the main 
series winding. This auxiliary magnetism will then 
replace a certain amount of the magnetism developed 
by the charging series coils and so reduce the amount 
of charging current flowing through them. It requires 
a certain amount of magnetism to pro- 
vide the magnetic pull equal to the pull 
of the adjustable spring, and where a 
certain amount of this magnetism is sup- 
plied by the auxiliary coils the amount 
required from the series charging coils is 
correspondingly reduced. 

Attention should be called to the fact 
that there is a small spring contact pro- 
vided at the end of the lamp rheostat 
sweep and this provides that the operat- 
ing solenoid of the charge reducing 
switch cannot be energized until all the 
lamp resistance has been inserted. This 
is the normal position of the rheostat 
when no lamps are burning. As soon as 
any lamps are turned on the lamp resist- 
ance sweep moves away from this 
spring contact and opens the circuit 
through the charge reducing switch, and 
this switch “in turn opens the circuit 
through the auxiliary shunt coils, thus 
allowing dynamo to put out its normal 
current whenever lamps are turned on. 

-When testing out an equipment on 
the road which has this charge reducing 
feature, to see what the generator output is, a few 
lamps should be turned on to make sure that the 
auxiliary coils are cut out and the generator delivering 
its normal output. 


Head-End Systems 


GENERAL ELECTRIC AUTOMATIC HEAD-END 
SYSTEM. 


In order that the operation of the entire head-end 
turbo generator equipment might become automatic in 
its operation the General Electric Company, about six 
years ago, developed the G. E. automatic head-end equip- 
ment as described in this issue. Several equipments 
were installed on certain roads and were in operation 
for several years, but have all been subsequently taken 
off. The equipment, however, contains many points of 
interest to the car lighting man, and these lessons would 
not be complete without a full description of it. 
Generator Equipment. 

The generator is mounted either on the locomotive or 
in the baggage car and the only attention required from 
the baggage man or the locomotive fireman is to simply 
open or close the steam valve. When the voltage of the 
generator comes up to normal value, it will energize 
the lifting coil and a reverse current relay, which is very 
similar both in its construction and operation to the 
single solenoid type automatic switch as used in axle 
generator equipment. There is both a shunt and a series 
winding on this relay. The shunt coil lifts its plunger 
with lower switch contact adjusted and after the switch 
is closed the generator current flowing from the gen- 
erator to the line increases the magnetic pull of the shunt 
coil and holds the switch firmly in place. When the 
equipment is shut down in the morning, at the end of 
the run or at engine changes, or when the generator 
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voltage falls slightly below the floating voltage of the 
storage batteries there will be a reverse current flow 
from the batteries into the generator, tending to run 
the generator as a motor. This reverse current flowing 
through the series coil of the relay, will generate mag- 
netism which will oppose the magnetism of the shunt 
coil and when the reverse current becomes heavy enough 
will neutralize the shunt coil magnetism and the relay 
will then drop open, disconnecting the generator from 
the line. After the automatic switch is closed, the gen- 
erator voltage becomes operative. This is at the left hand 
side of the wiring diagram, Fig. 93. This diagram 
represents the wiring circuits of three cars and the loco- 
motive or baggage car as indicated. 

The generator voltage regulator consists of two coils 
placed in series with each other and connected through 
a resistance across the generator terminals. The main 
coil is wound with fine wire over an iron core and the 
floating coil is mounted on a movable contact arm to 
which is attached an adjustable spring. When a cur- 
rent flows through these two coils the magnetic field 
generated, will cause an attraction between them, the 
higher the voltage the more current flowing through the 
two coils and the stronger is the pull of attraction. When 
the generator is operating at normal voltage, the pull of 
the main coil on the floating coil will just balance the 
pull of the adjustable spring. But when the voltage goes 
too high, however, the attraction between the two coils 
will increase and the floating coil carrying contact will 
be raised, opening the contact slightly. 

It will be noted from the wiring diagram, Fig. 93, 
that the generator field circuit includes two fixed sec- 
tions of resistance. The lower section is divided into 
two parts with the field current feeding into both ends 
and leaving from the center. The upper half of this 
resistance is fixed and the field current flowing by this 
path will be constant; the lower half of this resistance, 
however, is in series with the floating contact and current 
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Fig. 93. 


can only feed from the lower half when this contact is 
closed. There is then two paths for the generator field 
current here, and the total field current is the sum of the 
two. The closing of these contacts will allow more cur- 
rent to feed into the generator field and so increase its 


RAILWAY ELECTRICAL ENGINEER 


MANIM Ud CHARGE VOLTAGE OF BATTERY EQUAL TO OF LESS 
Trem Line VOLTAGE 


¢ “§ toe 
acdsee! passc a 


, 


Vol. 4, No. 12. 


voltage, and opening this contact will cause the field cur- 
rent and: generator voltage to decrease. 

In maintaining the generator voltage at proper value, 
this contact 1s open and closed more or less rapidly, the 
ratio of time closed to time open depending upon the 
amount of regulation necessary. As explained in our 


Fig. 94. 


15 k.w. Turbine Set, Locomotive Type, Open for 
Inspection. : 


lesson No, 12, January, 1913, the generator field builds 
up slowly after the circuit is closed and similarly when 
the circuit is open, the field does not at once drop off. 
to zero but decreases gradually. This is due to the 
inertia effect of magnetism and with large fields this 
building up and cutting down may require as much as 
a second or so of time; so when this contact is closed 
and opened at a certain rate, the generator field cur- 
rent will be maintained at an average value required 
to furnish the proper voltage. 
Car Equipment. : 

There are two different types of car equipment shown 
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in the accompanying diagram. “Form A” has a smaller 
number of storage battery cells than ordinarily so that 
the maximum charging voltage of the battery will be 
about equal to or slightly less than the train line voltage. 
In this case, the booster boosts the battery voltage on 
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discharge and bucks (but only to a slight degree) on 
charge. The other equipment “Form B,” shown in the 
last car on the right of Fig. 94, the battery has the full 


‘number of cells and the normal or open circuit voltage 


~ 


of the battery is about the same as the line voltage. 
The booster in the latter case boosts the battery voltage 
on discharge and also boosts the line voltage in charg- 
ing batteries. The second car from the left end of the 
wiring diagram is an abbreviated wiring diagram with 
all control circuits omitted for the sake of clearness. A 
booster set is located under each car and this consists 
of a motor armature, and the booster armature which 
are mounted on the same shaft. The motor is connected 
directly across the battery terminals and is operating 
whenever the batteries are charging or when any lamps 
are turned on. 

Referring to the wiring diagram, “Form A,” the sec- 
ond from the right of Fig. 94, it will be seen that there 
is a regulator for controlling the operation of the booster 
very similar to that explained above for controlling the 


Fig. 95, Sketch of Booster. 


generator voltage. However, the contacts do not shunt 
the portion of the field rheostat as in the case of the 
generator regulator, but open the field completely. This 
regulator is located in a cast iron box underneath the 
car, and a special relay is enclosed in the same box. This 
automatically starts the booster set when the generator 
is connected on the line and shuts it down when regula- 
tion is no longer required. When the turbine is shut 
down or this particular car is disconnected from the 
train line, the lamps are fed from the battery as ex- 
plained above. In this type regulator there are a fewer 
number of cells than ordinarily used, but the booster 
raises the battery voltage on discharge up to a normal 
line voltage. 

When the turbine is started it energizes the pickup coil 
which is connected through a resistance right across the 
main line switch of the relay. This, raises the relay 
plunger, closing both the motor contact and the main 
line contact, and at the same time automatically 
short-circuits itself. When the relay switch is closed 
the motor will start and drive the booster armature, 
and there will also be a fairly heavy current flow for 
an instant through the battery because there is no op- 
posing voltage in the “booster” (or “bucker”) arma- 
ture. It will be noticed that the relay has mounted on 
it five windings; the pick-up coil, the armature coil, dif- 
ferential coil, load coil and the motor armature coil. On 
discharge the magnetism of all the coils acts in the same 
direction, but on charge the booster armature coil which 
carries all the battery current, reverses, and opposes 
the other coils. By means of the regulating contact of 
the relay, which is in series with the current flowing 
through the coils of the regulator, the relay controls the 
operation of the booster. When the generator is con- 
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nected to the line, the voltage is slightly higher than 
when the lamps are fed from the battery, so the float- 
ing coil of the regulator is pulled up and the contact 
completely open. This cuts the booster field current 
down to a very low value, in fact, the only current 
flowing through this field is that generated by its own 
potential. This allows the battery to charge freely. 

It should be noted, however, that the total bucker 
armature current passes through the relay so that if 
the charging current becomes excessive this will operate 
the regulating contact of the relay and by boosting the 
voltage of the booster, (which on discharge in the form 
“A” equipment is a bucker) maintains the charging cur- 
rent at normal value. If there is a large number of 
lamps in use on the car, this current passing through the 
lower coil will energize the relay and reduce the maxi- 
mum battery charging current possible. The coils of 
the relay are so proportioned that when no lamps are 
burning there will be a slight taper given to the bat- 
tery charge until the gasing point is reached, when it 
will taper off more rapidly to a low value. If the steam 
pressure is reduced or the total load becomes greater 
than the generator can handle, the line voltage will 
drop slightly and allow the car regulators to come into 
action. This will furnish a strong field current to the 
booster and the voltage of the booster will then add to 
that of the batteries in discharging into the line and 
helping out the generator. 

It would seem that this last point, however, might 
become a rather serious objection, for if the generator 
voltage relay happens to be set slightly higher than 
the setting of the relay in any car in the train, there 
would be a constant discharge of the battery on that 
car as explained. 

With the “Form B” regulator, the full number of bat- 
teries are supplied and the normal or floating battery 
voltage is about equal to the line voltage. It should 
be noted from the wiring diagram at the right hand 
side of Figure 94 that there are two field windings 
applied to the booster. One operates when the battery 
is being charged, and the other operates when it is 
being discharged. The operation of these two fields 
is controlled by a double set of contacts on the regu- 
lator contact arm, one above and one below as shown. 
These field coils are mounted on the same pole pieces 
but are wound in the opposite direction and they are 
never both in operation at the same time. 

On charge the floating coil of the regulator is lifted 
up and closes the upper contact, thus energising the 
right hand field of the booster. This causes the boos- 
ter armature to add its voltage to the voltage of the 
generator in charging the battery. 

On discharge when the turbine is shut down the 
voltage falls slightly and the floating coil of the regu- 
lator with the contact arm falls, closing the lower con- 
tact. This puts the bucker field shown on the left hand 
side of the booster armature into operation and the 
voltage generated in the bucker armature is then of 
the polarity as shown in the diagram and boosts the 
battery voltage slightly so as to furnish normal voltage 
to the lamps. 


Practical Stunts 
(We pay a dollar apiece for each practical stunt pub- 
lished. Send in your ideas.) 
Preventing Breakage of Dynamo Leads. 
In order to prevent the flexible leads from the axle 
dynamo breaking due to the vibration in service, a 


spiral spring attachment has been applied on many of 
our cars. This is the same as is employed in very 
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many other electrical devices, such as flat irons, etc., 
which have a flexible lead attached to a moving body. 
A spiral spring made of No. 18 brass spring wire is 
wound on a tapered mandrel as shown in the accom- 
panying diagram. ‘The base of the spring is wound 
larger so as to fit the collar of the flexible lead ter- 
minal, to which it is securely soldered. 

The mandrel should be designed to fit the chuck of 
a lathe and should have the small end slotted to re- 
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Dynamo Lead Support. 


ceive the wire before winding. The spring is then 
wound to approximately 2%4 inches in length. 

The smaller section of the mandril is made so that 
the spring when finished will just slip over the insu- 
lation of the wire. A spring then is applied to each 
end of the wire and the lead terminals soldered to 
the wire and the wire spring to each lead terminal. 

The repair of flexible leads is assigned to me and 
after having leads fitted with these springs in general 
use for over 4 months I have not had one returned in 
bad order. 


(If the contributor of this good stunt will advise us of 
his name and address, check will be forwarded.) 


Train Lines Installed Wrong. 

Occasionally we find axle lighted cars in which the 
train lines have been reversed when the car was orig- 
inally wired. This trouble will not be apparent until 
the car is connected into a headend train and train 
connectors put up. 


-L iia 


Repairing Trouble of Train Lines Installed Wrong. 


Toon’ 


Fig. 1. 


The center car of Fig. 1 is wired wrong as shown, 
and when this is connected up with other cars it will 
cause a short circuit. To remedy this trouble on the 
road where only temporary repairs can be made, 
open the short circuiting plug on the female recep- 
tacle of last car (or loop switch) and remove the male 
connector from the forward end of the car that is 
wired wrong. By removing the short circuiting plug 
at the rear of the train it makes the generator negative 
train line dead and the positive and negative battery 
and lamp mains can then be identified with a volt 
meter at the female receptable on the forward end of 
the car wired wrong. Remove the center cable from 
this connector and place the two side cables to cor- 
respond with positive and negative connections in the 
female receptacle of the center car as shown in the 
diagram. If the short circuiting plug on the car ahead 
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of the car in trouble and the short circuiting plug or 
loop switch at the rear of the last car of the train are 
plugged in, the train line will then be O. K. and the 
lights will burn properly. We have then an ordinary 
three wire system of all cars ahead of the car in 
trouble and a similar three wire system for all cars to 
the rear of and including the car in trouble with a 
two wire connection between the two systems. The 
lamp voltage of the rear cars, however, will be-a trifle 
lower than that of the cars ahead. Geo. C. Elbreder. 


Action of Lamp Filament Between Generator Poles. 


Testing Polarity of Field Coils. 

The Electrical World publishes a note by Mr. E. R. 
Shepard stating that in testing the polarity of the 
poles of an alternator an ordinary carbon-filament lamp 
carrying a direct current was found to give very strik- 
ing and definite results. By placing the lamp in the 
region of the leakage flux between adjacent pole tips 
the two loops of the filament will separate widely or 
draw close together, depending on the direction of 
the flux. By progressing around the fields with a 
lamp in this manner a reversed pole or a dead pole 
can be instantly detected. The behavior of the lamp 
is indicated in the accompanying illustration. 


Connection of Battery to Train Line Reversed. 

It is sometimes found when an axle lighted car is 
connected into a train line that the battery fuse is at 
once blown and upon investigation it is found that 


a * “saci 


Fig. 2. Rectifying Reversed Battery Connection to Train Line. 
the battery connections to the train line have been 
reversed. The train line of that car itself, however, 
may be O. K. but on connecting it up with any car 
wired according to A. R. E. E. standard with battery 
positive to the right on female connector, a short cir- 
cuit will occur. This can be remedied by opening the 
train line fuses and crossing them as shown in the 
diagram of Fig. 2. Geo. C. Elbreder. 
Car Lighting Generator Under Water. 

The Safety Car Heating & Lighting Co. report that 
during the severe flood in the middle west recently 
numerous generators were under water for two days. 
When upon being put into service after the flood 
waters had receded they were not damaged in the 
slightest. Their experience with the flood has in no 
way interfered with their present operation and ap- 
parently will have no effect on their further service. 
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TRAIN LIGHTING ASSOCIATION OF ST. LOUIS. 

The reception and ball given by the Pioneer Elec- 
tric Train Lighting Association of St. Louis at the 
Compton Hall Academy April 12th was very success- 
ful. The car lighting club assembly room located be- 
low the academy on the second floor was neatly dec- 
orated and a large “Welcome” shield was mounted 
over the doorway. Mrs. E. E. Schuddig, of St. 
Louis, a local soprano singer of note, offered a few 
selections which were accompanied by piano and vio- 
lin, and the “Majestic Four,” H. F. Mohler, J. C. 
McConnell, A. H. Dessau, and R. S. Stark, were in the 
limelight. Mr. Mitchel Wray, the well-known St. 
Louis classic ragtime player, entertained those on the 
second floor between dances with a few of his late 
ragtime selections which were highly appreciated. 
Soft drinks only were served and smoking was al- 
lowed only on the second floor. The reception started 
at 8 p. m. and the orchestra played the Home Sweet 
Home at 1 a. m. 


The committee on arrangements deserve credit for 
a great deal of the pleasure of the evening, and I wish 
to thank our advertisers for their support to make this 
affair a success. G. C. Elbreder, 

Secretary. 


Arrangement Committee. 
H. F. Pfeffer, Mo. Pac. Ry. C. A. Franck, Chairman, Big 
G:C). Elbreder, G.. Bs.&- Q. Four Ry. 

Ry. C. Gelan, Oliver Elec. & Mfg. 
if Alstatts ote oc, KR. Ry. Co. 
H. Mayer, Pullman Co. H. P. Reed, Pullman Co. 
@. Ross, Penns Ky. lee Altstatt. Lille Gentauhs. 

Door Committee. J. Ottey, Mo. Pac. Ry. 

T. €. Birch, Pullman Co. 
E. A. Corbett, Pullman Co. 


Floor Committee. 


ST. LOUIS QUESTION BOX. 


Editor’s Note:—The following questions and answers were pre- 
sented at a recent meeting of the Pioneer Electric Train Lighting 
Association of St. Louis. 


1. Why will a generator with one field coil reversed mo- 
tor O. K. in the yards, yet will not pick up on the road? 

Answer. A generator which has one field coil re- 
versed has about the same action as one which has 
one field short circuited or when there is a heavy field 
resistance in circuit. When the machine is motored it 
will have a tendency to race because of the fact that 
the total field strength of the generator is only half 
normal since the magnetism of the reversed coil merely 
neutralizes the magnetism of the coil opposite and two 
of the four fields are cut out. We know a motor goes 
faster as the field is reduced and it is the same way 
with the car lighting generator having one field coil 
reversed. 

The machine will generate on tht road but will not 
cut in until the train speed is about twice the normal 
cutting in speed. The high armature speed will then 
compensate for the loss in field strength. The only 
effect of a reversed field coil is to weaken the field 
of the generator. 


Q. Some roads consider 28 volts a light failure, while 
others 26 volts a light failure where mazda lamps are used; 
other roads don’t seem to consider a failure at all. What is 
the proper basis for determining when failure has occurred? 

A. The general impression which one obtains from 
a car with low battery will usually be sufficient to 
determine whether there has been a failure or not. 
The voltage reading, however, should be taken. 

Q. What will cause carbons on Bliss type K relays to go 
to pieces when all connections are right? 

A. This is usually caused by the top carbon con- 
tact being loosely adjusted so as to allow a small 
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space between the top carbon and the top carbon disc. 
This will cause the relay to rattle and there will be 
some arcing between all of the discs which will rap- 
idly deteriorate them. 

Q. How will a short circuited cell affect a set of batteries? 

AG The first indication is a drop in voltage of ap- 
proximately 2 volts below that of the full set of bat- 
teries. This, however, will depend upon the nature of 
the short circuit and where only a slight short circuit 
occurs the voltage may not be seriously affected. 
Even a slight short circuit, however, will seriously 
discharge that particular cell and if not removed will 
cause the plates to sulphate. 

Q. Ifa set of batteries is totally discharged, is the axle 
device capable of charging them in a reverse direction? 

_A. In order to charge a battery in a wrong direc- 
tion after it has been completely discharged, the per- 
manent magnetism of the generator fields or the con- 
nections of the exciting lamp circuit would have to 
be reversed. The’machine will deliver proper polarity 
regardless of the polarity of the battery. Certain 
cases of trouble have developed, however, caused by 
grounds in the generator which reversed the polarity 
of the generator but these cases are rare. 

Q. What is the function of the shunt contact of a Bliss 
Automatic Switch? 

A. This contact inserts a fixed resistance in the 
auto switch lifting coil when the switch closes. When 
the switch opens this spring contact short circuits the 
resistance. The advantage of this is that it reduces 
the heating effect of the shunt coil when the machine 
is operating and at the same time requires less reverse 
current through the series coil of the switch to 
neutralize the shunt coil magnetism and open the 
switch. 


ELECTRICITY FOR WASHING BOX CARS. 
Every day sees a new application of electricity in 
railroad operation for improving service, lowering op- 
erating costs and for greater convenience and com- 
fort of the traveling public. 


One of the electric railways of the West is using 
to very good purpose an electrical machine for washing 
box cars. The washing apparatus consists of two 
large cylindrical brushes mounted vertically on each 
side of a track and driven by a small electric motor. 
The brushes are piped with water from the shop mains 
and the washing process consists in simply running 
the car or train of cars on the track equipped with 
the revolving washers. The cars can in this way be 
cleaned very rapidly and with exceedingly low cost. 
Possibly a modification of this plan might be used to 
some advantage in passenger coach yards. 


GREAT NORTHERN TO ELECTRIFY. 

A rumor is current to the effect that the Great 
Northern Railroad will electrify its road from Spokane 
to Seattle. About half of this section is through the 
Cascade mountain country where grades are severe. 
Power for operating the electrified section will be ob- 
tained from large hydro electric developments on the 
Wenatchee River and the Columbia River. At the 
point where the road crosses the Columbia over 100,- 
000 h. p. is available. 

The Cascade tunnel, which is already electrified, is 
on this section, and without doubt the satisfactory and 
economical service experienced in this first electrifica- 
tion has been a potent element in considering the 
electrification of the entire division. 
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Care and Operation of Ball Bearing Axle Generators 


W. L. BATT 


With the large number of axle generators which 
are being put into service mounted on ball bearings, 
there are naturally many questions which arise con- 
cerning the care and operation of those bearings in 
daily service. It is quite natural that the electrician 
who has been caring for the ordinary sleeve bearings 
and who has had no experience with ball bearings in 
any other service, may ask how he ought to take care 
of those bearings in order to get the best results. The 
purpose of this letter is to mention a number of points 
which have come to the writer’s attention in connec- 
tion with the use of ball bearings on axle generators 
and to discuss briefly each of those. 

The first of those questions is “Why do ball bear- 
ings need to’ be lubricated? If%they roll; jas itwmis 
claimed they do, where is the necessity for a lubricant 
whose function is ordinarily to reduce sliding fric- 
tion?” 

The function of lubricant in connection with ball 
bearings is twofold; first, to actually protect the bear- 
ings against the destructive action of moisture and air 
and against the entrance of grit and foreign material 
from the outside into the housing; and second, to 
reduce the small amount of friction which exists in a 
ball bearing. 

Theoretically, a ball in the ball bearing truly rolls. 
Practically, due to deformation of the material, there 
is a very material area of contact between the ball and 
the race upon which it rolls and between the ball and 
the retainer which is used in the bearing. At the 
point of contact between the ball and its path, there 
is a substantial area of contact. At the extremities of 
this area there is a small amount of sliding, and the 
presence of a lubricant is necessary to relieve this. At 
the point of contact between the ball and the separator 
there is a rubbing action, since the ball bears against 
the separator. There is a certain amount of pressure 
-at this point, due to deflection of the races and a com- 
pression of the balls. Of course, the total amount of 
all of this sliding action is small, as evidenced by the 
fact that the total co-efficient of friction of the cor- 
rectly made ball bearing is only about 1/10 of 1 per 
cent as contrasted with many times that in the plain 
bearing and the need for lubrication correspondingly 
small. Therefore the protective function of the lubri- 
cant should be given first importance, 

If the housing be empty, then there is opportunity 
for moisture and grit to enter and to be carried di- 
rectly into the bearing. If the housing be more or 
less filled with grease, that will have a tendency to 
shield the bearing from such outside detrimental in- 
fluence. Nor must that be construed to mean that the 
ball bearing is such a fine piece of mechanism that it 
must be nursed in order to last. In a plain bearing, 
due to the large amount of lubricant which is con- 
stantly added, there is a flushing tendency in the hous- 
ing which carries, off to a considerable extent, foreign 
matter which has worked in. But in the ball bearing 
housing, where grease is put in and the housing is 
given absolutely no atention for many months, it is 
important that as much care as possible be taken to 
keep the housing clean. 

Because the grease is only infrequently changed, it 
follows that it must not deteriorate with. age to any 
extent. The grease is subject to considerable ex- 


tremes of temperature, and to an intense pounding ac- 
tion, as the bearing constantly rotates through it and 
the result is that every grease cannot satisfactorily 
meet the test for ball bearing lubrication. 

We have found that a grease wants to be smooth 
in body and fairly thick to give the best results. Of 
course it must not contain nor develop acid or alkali 
which would attack the finely polished surface of the 
bearing. 

Lubricant should be added just frequently enough 
to replace that which works out of the housing or 
evaporates. This amount will be one thing with one 
generator and one type of grease, and quite different 
with a different generator and a different type of 
grease. When ball bearings were first tried on axle 
generators, they were lubricated every two weeks. It 
was quickly found that the grease was being forced 
over into the machine, and the lubricating periods 
were successively lengthened to one month, two 
months, and three months. Since the bearing was en- 
tirely enclosed in the housing it was even then impos- 
sible to tell how much grease was in the housing and 
just how much ought to be added, and various opera- 
tors adopted a sort of formula as to the number of 
turns of a standard grease gun which should be given 
at each lubrication. This was satisfactory if rigidly 
lived up to, but with the grease gun entirely full of 
grease, there was just as much tendency to overcharge 
the housing as there is to set up a generator belt too 
tight (in order to be on the safe side as it is so ex- 
plained). 

Our experience, in general, has been that about two 
to three pounds of grease per generator per year is 
necessary. It apparently is most satisfactory if the 
machine is lubricated thoroughly every six months, 
and in the meantime is given no further attention. At 
those lubricating periods, it would seem best to en- 
tirely remove the armature from the machine; to 
clean the bearings out in kerosene and to replace them 
with fresh grease. A machine whose bearings operate 
free from all attention for six months at a time, de- 
serves that small amount of care twice a year, and we 
believe no operator will have any objection to giving 
it. When fresh grease is put in the housings then, it 
should be filled about two-thirds full. The actual 
amount of grease to be added will depend on the type 
of machine. 

The question has frequently been asked as to how 
long a ball bearing will last, if properly taken care of. 
It is impossible to answer that question absolutely, 
because no generators have been running in this coun- 
try for the full life of the bearings. 

The first bearings installed of the No. 7412 size, 
about two and a quarter years ago, are running today 
in quite as good condition as when they were installed. 
They show only a few ten thousandths freedom and 
the inspection of the ball grooves and the balls shows 
those to be in perfect condition. Hess-Bright ball. 
bearings installed in mining locomotive motors and 
on street railway journals’ and motors almost five 
years ago are still running today in good condition. 
They have so perfectly met the terrific duty on mining 
locomotives as to be practically standard in that field. 
It is the writer’s opinion that we may certainly expect 
from six to ten years’ life from axle generator ball 
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bearings of the proper kind. Of course there are many 
kinds of ball bearings, just as of anything else. This 
statement can only be taken to apply to Hess-Bright 
Bearings, which have the largest possible ball dia- 
meter, with heavy raceways, deep ball grooves and 
solid manganese bronze separators. 

The question has been asked as to how much care 
is necessary in getting the housings in absolutely true 
and straight, or as to what would happen to the ball 
bearing in case the shaft should be bent due to ex- 
treme’ belt load. As a matter of fact, Hess-Bright 
ball bearings will permit a great deal more shaft de- 
flection than was ever possible with a plain bearing. 
The grooves in which the balls roll are ground some- 
what larger than the balls themselves and this permits 
a certain tilting action without any sacrifice of the 
carrying capacity of the ball grooves. About 1/16 of 
an inch to the foot may be safely had without in any 
way affecting the bearing. As a matter of fact, it is 
not possible to obtain even this much before the shaft 
shall rub on the housing lip and create trouble. Such 
conditions, however, are so very rare, that they need 
not be considered. 

Some have asked how they were to know if the ball 
bearing was all right since much of it could not be 
seen. The answer to this is that if trouble begins in the 
ball bearing it will quickly manifest itself. If, as ex- 
treme case for instance, a ball should break, this would 
produce pitting of the race grooves and rough running, 
and consequently heat. The generator would there- 
fore be turned in as hot. The bearing could run for 
some time, however, before this became noticeable, 
and it would not be possible for the armatures to drop 
on the pole pieces because of the heavy manganese 
bronze retainer in a Hess-Bright bearing, which acts 
substantially as a second plain bearing in case the 
balls should be so badly damaged as to not carry the 
load. There is a smaller amount of space between 
the retainer and the raceway than there is in the air 
gap. From an experience of many years in mining 
and street railway work, it is reasonably certain that 
a ball bearing on an axle generator would last several 
days after some damage had been done to it, and that 
it would simply ultimately be turned in as hot. There 
has never in five years of street railway and mining 
locomotive experience been a case of an armature on 
ball bearings on the pole pieces. 

The number of generators at present out on Hess- 
Bright ball bearings has considerably passed the 1,000 
mark, and the maintenance costs on those are so much 
less than the cost on plain bearing machines as to be 
entirely negligible. It is very evident that the ball 
bearing has come to stay in axle generator service. 

i 


MORE TELEPHONES ON THE CHESAPEAKE & 
OHIO. 

In continuance of their policy of increasing the tele- 
phone equipment on their lines, the Chesapeake & Ohio 
Railroad officials have placed an order with the West- 
ern Electric Company for the apparatus necessary to 
equip another division of road with telephone train 
dispatching facilities. 

The section of the road to be equipped is familiarly 
known as the Big Sandy Division and operates in the 
eastern part of Kentucky in the Cumberland Mountain 
region. The telephone train dispatching circuit covers 
the entire section, a distance of approximately 135 
miles, and extends from Ashland, Kentucky, to Elk- 
horn City, Kentucky. The dispatcher will be located 
at Ashland. 
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Western Electric No. 102 type selector sets arranged 
for local battery use will be used at way stations for 
receiving the dispatcher’s signals. These selector sets 
contain the widely used No. 50 type selector. T'wen- 
ty-eight way stations will be equipped with selective 
signaling and talking apparatus. 


ANNUAL MEETING OF THE ASSOCIATION OF 
RY. TELEGRAPH SUPTS. 


The annual meeting of the Railway Telegraph Su- 
perintendents’ Association will be held at St. Louis, 
May 20-23. 

Some valuable papers will be presented and it is 
expected that a large number of railroad men from all 
over the country will be present. 


The following is a list of the papers to be presented: 


“Inductive Disturbances as Effecting Telephone 
and Telegraph Lines,’ by P. F. Howe, Gen. Plant 
Dept. of Western Union Telegraph Co. 

“Protection Against Lighting and High Voltage 
Currents for Telegraph and Telephone Equipment.” 
Mr. H. Clapp, Supt. Tel., Northern Pacific Railway. 

“Full Use of Wires. H. D. Teed, Supt. Tel., Frisco. 

“Organization for Wire Chiefs and Telegraph In- 
a ai Jobe Sheldensssupt. Lela Union Pacific 

“Some Phases of Organization for Maintenance of 
Lines, 6 W-. @. Allens gDiv. Plant’ Supr.,> Western 
Union Telegraph Co. 


A NEW GENERAL UTILITY BATTERY. 


The Western Electric Company has recently placed 
upon the market a new dry battery to be known as the 
“Red Label Blue Bell Battery.” It is encased in a 
bright red carton, and is designed for intermittent 
service requiring high efficiency and rapid recupera- 
tion. This new battery is a result of careful develop- 
ment work extending over a long period. The service 
for which the battery is intended made it necessary 
to investigate with great thoroughness every possible 
use to which it might be put, so that it could truly 
be called a general utility battery. The design having 
been completed and experimental batteries manufac- 
tured under the new specifications, exhaustive life tests 
were made, duplicating service conditions, and the bat- 
tery “proven in” to the satisfaction of all those con- 
cerned in its development from every point of view— 
manufacturing, engineering and sales, 


TELEPHONE EQUIPMENT FOR ERIE RAILROAD 
COMPANY’S PRIVATE CARS. 


The private car of a railroad official is an exceed- 
ingly busy place. The official who travels in one occu- 
pies most of the time in transacting business. This 
necessitates car equipment as modern as the equip- 
ment in his regular office. 

The Erie Railroad Company is equipping its private 
cars with intercommunicating telephone systems 
which are similar in effect to those used in business 
offices and factories. President Underwood’s car, No. 
999, was the first one to be equipped. It has a sys- 
tem of six stations interconnecting the staterooms, 
observation room, stenogiapher’s desk, and the kitch- 
en. A conversation may be carried on between any 
two of the telephones, and orders transmitted, without 
either person leaving his place. 

The apparatus used was furnished and installed by 
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the Western Electric Company. The telephones are 
hand sets, each equipped with a cord and plug. Jack 
plates are mounted on the car wall, each having a push 
button and jack into which the plug of the hand tele- 
phone is inserted. When not in use the plugs are 
withdrawn and the hand sets are stored away. The 
different stations are called by means of a buzzer sys- 
tem. The call buttons are arranged on a dial plate 
and the system is so wired that only the buzzer at the 
telephone wanted is rung. The ordinary wall or desk 
telephones would not give satisfactory service on 
moving trains. They would be satisfactory as long 
as the train was at a standstill, but as soon as in mo- 
tion the vibration of the wheels upon the rails would 
be carried to the transmitter and the resulting noises 
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completely drown the telephone conversation. The 
use of hand sets obviates this difficulty as the body 
acts as a shock-absorber. 

The telephone system is also arranged for making 
connections with an outside telephone line so that local 
or long distance calls may be had from the car. The 
signaling current for calling the telephone exchanges 
is obtained from an interrupter operated from bat- 
teries. 

Other private cars on the Erie system will be equip- 
ped as rapidly as it is possible for them to be called 
in from active service long enough to complete the 
installation work. These intercommunicating tele- 
phones make complete the convenience of the private 
car. 


General News and Personal Mention 


ARTHUR J. SWEET. 

The many friends that Mr. Arthur J. Sweet has made 
as Commercial Engineer of the Holophane Works of 
the General Electric Company, will be sorry to learn that 
he has tendered his resignation to that company. He is 
to become a member of the firm of Vaughn and Meyer, 
Consulting Engineers, Milwaukee, Wis., which will be 
hereafter known as Vaughn, Meyer and Sweet. We 
congratulate him on this, but cannot forget the loss of 
one of our best illumination men in the railway field, 
for although he will continue his activity in car light- 
ing work for a few months, the duties imposed by his 
new work will hardly permit of the continuation of his 
energetic and valuable work of the past two years. Mr. 
Sweet has been prominently identified during the last 
five years with research and commercial development 
work in the field of illuminating engineering. During 
the past two years he has given his especial attention 
to the subject of railway lighting in its many phases, 
and last summer served as consulting engineer in direct 
charge of the extensive research work on postal car 
lighting which was conducted at Washington, D. C., 
under the auspices of the Baltimore & Ohio R. R. 
| The association of Mr. Sweet in the firm of Vaughn 
& Meyer has come primarily as a result of the firm’s 
growing practice in the fields of efficiency engineering 
and industrial appraisal work, as additional to its well- 
established practice in steam and electrical engineering. 
Mr. Sweet will give his chief attention to handling the 
firm’s extensive illuminating engineering practice and 
of directing the details of the office work, thus reliev- 
ing the other members of the firm for their more exten- 
sive practice in the fields above mentioned. Mr. Sweet’s 
energy and conscientiousness in his work have won him 
many friends whose good will and support will follow 
him in his new work. 

Mr. Sweet has been widely known among railway 
engineers for his valuable and highly specialized study 
yet very practical'study of problems in illumination pe- 
culiar to railway service, particularly the -problem of 
railway car lighting in all its many phases. It is not 
putting the matter too strongly to say that Mr. Sweet 
has done more than any single individual to raise the 
standard of railway car lighting, and to point out the 
direction which still further future improvements in this 
field should take. Among illuminating engineers, Mr. 
Sweet is best known for his research work. His writ- 
ings on the subject of illumination have won for them- 
selves a wide audience. Among these writings may be 
mentioned, “The Influence of Illumination Conditions 
Upon Eye-Strain,” and “Reflecting Media,” both of these 


papers being -based upon addresses given before vari- 
ous sections of the American Institute of Electrical En- 
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gineers, and later were published in the Railway Elec- 
trical Engineer. 


MR. J. G. VAN WINKLE LEAVES SAFETY 
COMPANY. 

Mr. J. G. Van Winkle, who for the past two years 
has been manager of the Chicago office of the Safety 
Car Heating and Lighting Company, has just been ap- 
pointed Vice-President of the Vandalia Coal Company, 
with headquarters at Terre Haute, Indiana. 

Mr. Van Winkle has been active jn car lighting mat- 
ters and served very efficiently on the executive com- 
mittee of the Railway Electric Supply Manufacturers’ 
Association. His many friends will be pleased to hear’ 
of this big advancement and we all extend our best 
wishes for continued success in his new work. 


da 
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COL. JOHN T. DICKINSON. 


The older men in the car lighting game will remem- 


ber Col. John T. Dickinson as one of the pioneers who 
labored long and industriously before a few railroads 
were finally induced to put a few experimental car 
lighting equipments in operation. Col. Dickinson was 
also very active in Association matters when the As- 
sociation was first organized, but for the past three 
years has been engaged in the successful promotion 
ef a splendid hotel and seaside cottage town at Corpus 
Christi, Texas. 
most delightful watering places in that part of the 
country, and undoubtedly has a big future. 


This has developed into one of the 


Col. Dickinson has recently returned to Chicago and 


accepted a position with the Gould Coupler Company 
in the sale of their electric car lighting equipment and 
their other standard railway specialties with headquar- 
ters at their Chicago office in the Rookery. 


Col. Dickinson is a native of Houston, Texas, and 


started in railroad service as a boy in the general office 
of the Houston & Texas Central Railway, now a part 
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Col. 


of the Sunset Central Lines. He afterward attended 
college in Virginia and graduated in law at the Uni- 
versity of Virginia in 1879 at the age of twenty-one. 
He was Secretary of the State Capitol Board at Austin, 
Texas, from 1881 to 1888. He was+Secretary of the 
Chicago World’s Fair National Commission from 1890 
to 1894. From 1894 to 1897 Col. Dickinson was Presi- 
dent of the company that built the great Coliseum 
building near Jackson Blvd. in which Secretary of 
State Bryan was nominated for President by the Dem- 
ocratic National Committee in 1896 and which build- 
ing afterwards burned. In 1900 Col. Dickinson became 
officially connected with the first two companies that 
largely introduced the axle light system of electric car 
lighting which is now coming into such general use 
on railway passenger cars. 


OTTO HIESTER JOINS EDISON FORCES. 


A. Otto Hiester, who has been manager of the 
Buffalo office of the United States Light & Heating 
Company, and previously with the National Battery 
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Company, has joined the sales force of the Edison 
Storage Battery Company. 


NEW GOULD BATTERY INSTRUCTION BOOK. 

The Gould Storage Battery Company have just is- 
sued a new instruction book on the care of their stor- 
age batteries. The book describes the various parts 
of the battery and goes into the detail of battery manu- 
facture to a certain extent. 

The various accessories used in connection with bat- 
teries such as volt meter with special contact lead, 
hydrometer, hydrometer syringe, lead burning outfit 
and cadmium electrode are also described. Detail in- 
structions as to electrolyte, placing the battery in com- 
mission, its care and service, treatment of cells in poor 
condition and battery cleaning are then given. As an 
appendix to the instruction book there are given some 
valuable curves showing the characteristics of the 
Gould battery. 

The Gould Storage Battery Company have very 
courteously placed at our disposal about 700 of these 
books and they will be furnished to all of the boys tak- 
ing our special car lighting course as were the in- 
struction books of other battery manufacturers. By 
all others this book may be had on application to the 
Gould Storage Battery Company, 341 Fifth Ave., New 
orks N.Y: 


The Telephone in the Flood. 

The accompanying illustration which formed the 
front cover of the Western Electric News for April 
gives a striking illustration of the great advantage 
that a train telephone set can be in times of greatest 


need. This shows a passenger train in the throes of 
a surging flood, but the engineer by means of his tel- 
ephone set gets immediately in touch with the train 
dispatcher. 


THE AMERICAN PULLEY COMPANY’S BANQUET. 

The officers of the American Pulley Company were 
hosts at a banquet held at the Germantown Cricket 
Club of Philadelphia on April 1. Mr. C. A. Brinley, 
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The Five Essentials 


You Can Tell a “D (@ W’” 
Fuse At a Glance 


W) They are Different. LOOK FOR — ) 


Extra Heavy Caps 


Four Screws in Each Cap and Tubing 


Safe Indicator 


Ampere Capacity 
No Exposed Metal 


Stamped in Fibre 


Soldered Blades | 
Perfect Alignment 


@) Approved by the National Board of Fire Underwriters @) 
rs fe) ns 
Diehl Car Fans 
FOR 
Railway Car Service 


They are the best. When the man- 
ufacturers could no longer improve the 
motor they improved the base. These 
bases are of artistic design and may be 
permanently mounted in the cars. The 
Fan is easily and quickly removed 
without disturbing its base. No 
marring of woodwork—no loss of time. 


Ask for Additional Information 


Demand on all your orders QUALITY 
THE HOUSE OF SERVICE, carrying the 
or West. Prompt shipments are our 
ing catalogue, it will go to you for the 


GOeutral Elect 


320-326 South Fifth Ave. The House 


Full Rating on Labels 


ns ~a 
— 


to First Class Service 
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and Satisfaction 


Follow the use of 


Economy 


Okonite Rubber Covered Wire 
Bae Oh Okonite ea 


and é 
Manson 
Tapes 


For Insulating 
and Protecting 
Joints 


OKONITE TAPE is a rubber insulated 
tape. Joints properly made'with Okonite 
Tape are impervious to moisture and are 
as strong or stronger electrically and me- 
chanically than the insulated wire itself. 


MANSON TAPE is a rubber-filled cloth 
tape for protecting joints against mechan- 
ical injury. It is adhesive, does not un- 
wrap, nor does it corrode copper wire. Is 
easily handled, economical to use. 


Send for booklet, “Economy in Joint Making’”’ 


fe) 


Gain 55% in Light 
Save 20% in Power cclscancics 


The Maxolite 


and durable 
in design. 
Replaces Arc Lamps for Railway Shop 
and Yard Lighting 


Low renewal 


are lighting 


WRITE FOR BULLETIN NO. 41 Bowl Type W 


and SERVICE—then write us. We are 
largest stock of electrical supplies East 
specialty. If you have not our big instruct- 
asking. Write for it on your letterhead. 


rir Company 


of Service CHICAGO, ILL. 


Suspension Fitting 


356 


president of the company, presided in a very delight- 
ful manner and gave out some extremely cheering in- 
telligence regarding the Employees’ Beneficial Fund, 
which is now being set aside for the sole benefit of 
the employees. 


CONSOLIDATED CO. MOVES CHICAGO 
OFFICE. 

The Consolidated Electric Lighting and Equipment 
Company announce the removal of their Chicago 
office to room 1106 Karpen Building, 900 S. Michigan 
Avenue 
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U.S. L. NOTES. 


The United States Light and Heating Company have 
just announced the appointment of the following officers: 
Charles A. Starbuck, Chairman Board of Directors. 

J. Allan Smith, President. 

Frank P. Frazier, Vice-President. 

William P. Hawley, Vice-President. 

A. H. Ackermann, General Manager. 

The company has experienced a very marked activity 
during the past year in the automatic electric starter 
and lighter business in addition to a large railway 
car lighting business. This has required a very large ad- 
dition to their present plant at Niagara Falls, which is 
just about completed. 


TRICAL ENGINEER. 


To the Editor: 

Practically all the men in the employ of the L. V. 
R. R. at Sayre as axle-light men are subscribers to 
your magazine. 


Most of the men depend entireiy upon your sheet 
for direction in the absence of any real useful hand- 
books on axle-light systems. From the praise and 
pleasure heard on all sides you are evidently a vast 
help to our squad of fifteen men, particularly since 
you have begun your “A. B. C. of Car Lighting”. 

The L. V. R. R. Co. are the proud owners of no 
less than eight different axle-light equipments on a 
passenger equipment of somewhere in the neigh- 
borhood of 250 coaches, a condition which is de- 
cidedly an objectionable feature when maintenance 
and repair work are considered. However, it is a 
great educator to axle-light electricians, particularly 
where a man can become familiar with a variety of 

' equipments through both study and practical ex- 
perience. I believe you have explained in detail all 
the equipments we now have in operation and the 
help we have derived has been invaluable. Be- 
lieving heartily in your magazine, I am enclosing a 
check for $2 for Mr. Cooper, one of our embryo 
engineers, 


WILSON CRAWFOR, Jr. 
Sayre, Pa., March 81, 1913. Lehigh Valley R. R. 


“OURSELVES AS OTHERS SEE US.” 

It isn’t very often that we say much about ourselves, neither 
is it very often that Uncle Sam goes to the trouble and expense 
of purchasing a large number of copies of any trade journal to 
distribute among its employees for educational purposes. 

The U. S. Railway Mail Service recently purchased 105 copies 
of our Postal Car Number in March for this purpose. This is one 
of the highest compliments ever paid the RAILWAY ELEC- 


But it is the expressions of appreciation we are receiving from 
our readers continually that is the greatest source of satisfac- 
tion and here are a couple rece'ved since our last issue. 


To the Editor: 

I have before me a copy of the April issue of the 
Railway Electrical Engineer, and it is such a model 
number in every respect that I feel you should be 
encouraged by a few words of appreciation. 

Every page is alive with good solid and interest- 
ing matter, the composition throughout is excellent, 
the paper stock and press work is almost perfect, 
and the half-tone illustrations throughout are sel- 
dom excelled in higher class art publications and 
never in trade papers. 

To those who know the problems that enter into 
the compilation and printing of a periodical, your 
April issue should be a model to pattern after. 

Keep up your good work, and know that you are 

being appreciated by your readers, even though we 
don’t always take the opportunity of saying so. 
Very sincerely yours, 
L. SCHEPMOES, 
Publicity Agent. 
The Safety Car Heating & Lighting Co., 


2 Rector Street. 
New York, April 17th, 1913. 


Twelve Stories of Solid Comfort in the 
| Heart of New York City 


, Hotel York 


FIRE- 
36th Street, corner 7th Avenue 


Within Ten Minutes’ Walk of 30 Leading Theatres, 
Shops, ete. One Short Block to Broadway. 


Accommodations Better Than Rates Indicate 


Attractive Rooms, $1.50 and $2.00, with Bath Privilege. 
Attractive Rooms, $2.00 to $4.00, with Private Bath. 
Where Two Persons Occupy Same Room, Only One Dollar 
Extra Added to Above Rates. 


H. G. WILLIAMS, Manager 
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If a Cyclone Can’t 
Do It—What Can? 


“SE This Battery 
was In 


That Car 


Not a damaged cell in the lot although the metal hood was crushed 
down on the battery, short-circuited it and burned off the “jumpers.” 


OMAHA VETERANS 


It is no reflection on the 
car that it is part of the 
$25,000,000 loss from the re- 
cent tornado and flood 


BUT AGAIN 


The Edison Storage Battery in , Se 
is proved “as rugged as a ul i : a 

ye td) = This electri dst buried under t f brick when th 
battleship.” The Edison Gilahe “Electric Gatagetwse dtativeed an art oa a 
Storage Battery is not built 


for dainty handling, laboratory attention, cast-iron rules of service 
and “fair weather” conditions. 


Bulletin No. 1018 tells why a cyclone can’t hurt it. It’s a 
valuable story to those interested in train-lighting, railway 
signal service and self-propelled vehicles. 


Edison Storage Battery Company 


120 Lakeside Avenue : Orange, New Jersey 
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Ampere Hour Meter 
Talk No. 6 


All storage batteries require that more 
charge be put in than can be taken out—A 
200 ampere hour discharge will require ap- 
proximately 240 ampere hours charge to 
bring the battery up to full capacity. 


The resistor type meter has been designed 
especially for car lighting work and auto- 
matically provides the necessary overcharge. 


Meter with Case Removed 


On discharge the dial hand moves slowly 
in a clock-wise direction, recording the am- 
pere hour discharge. When the battery is 
charged, the direction of current flowing 
through the meter is reversed so the dial hand 
will move in the reverse direction. On 
charge, however, the meter travels about 20 
per cent slower (for the same number of 
ampere hours) than it does on discharge. 
This provides for the proper amount of 
overcharge, as stated above. 


By referring to the wiring diagram of the 
meter, it will be seen how this is effected. 
On charge, the resistor, which is simply a 
copper bar immersed in mercury and piv- 
oted at the center, revolves through a slight 
angle causing the current shunted through 
the meter disc to pass through mercury at 
either end of the resistor bar. 
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Now, mercury has about sixty times the 
resistance that copper does, so causing the 
current to flow through this mercury is just 
like cutting in a low resistance. This cuts 
down the amount of current shunted 


METER, DISC 


LINE 


through the meter by about 20 per cent and 
so reduces the meter speed on charge ac- 
cordingly. 


After the battery has been brought up to 
full capacity the indicating hand of the meter 
will come back to zero and make a contact 
at (A), which will stop further battery 
charging. After a slight discharge at the 
next stop the indicating hand will make an- 
other contact with the point (B), which will 
restore normal operation of the equipment. 


The battery is operated for the most part 
over the “top” range of its capacity, with 
only occasionally a long discharge. This is 
very much like floating battery service where 
10 years average life is experienced. 


The resistor element of the meter being 
simply a copper bar floated in mercury adds 
no complication whatever to the meter, and 
the same robust construction which has 
given Sangamo Meters their great reputa- 
tion for reliability and accuracy is employed 
in this meter. 


Put one of these meters on a difficult run 


and convince yourself of its merits. 


Sangamo Electric Company 
SPRINGFIELD, ILLINOIS 
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ELECTRICAL TESTING LABORATORIES 
sects Thee. 
NEW YORK, N. Y, 
A-4925 


REPORT No. 
Réndered to The X, ¥. Z. Company, 


wo zncmnne stm Photometric RENEW ABLE F U SES 


Lamp ea Bowl Frosted Dram Wire Tungsten 
Holder Form 
Photometii Ditance 10 feet 

Lamp and Auxiliary rotated. 


CARTRIDGE 


Vn yes of 


mp and Auxiliary 

a 3* sd nm 

bs % 

ot iene 

44 %/m os 

Ce | 

oat: =k 

¢ 


Distribution 
| wean‘Vertieat Mean Vertical 


Curve 


has become 
necessary for 


Mid~ |" App. Candiopower | “Kew CamBepower | Zoual Lamens _| 


seo | flee | all illuminat- WILL AVE ant 
é ing engineering 
i computations. 8 O % 
: ia ae OF YOUR ANNUAL FUSE EXPENSE 


make our 
services more 


They are Guaranteed to provide maximum 
protection to Electrical Equipments 
valuable, a and Property. 


Bao Write Today for Prices and Data 
metric sheet 


\peroved by 
ist, to enaget, In hares of Tot has_ recently = E 0 N 0 Ai Y F U S = & 
been designed for use in tests of this character, 
which presents not only the polar co-ordinate curve, MANUFACTURING HU 
but also the engineering data which makes the sheet 
(INCORPORATED) 


Kenzie and Orleans Streets CHICAGO 


complete for all engineering calculations. 


Copies of a specimen report will be sent ° i 
ane District Sales Offices: 
SB GEE New York Baltimore Cleveland Detroit 
° e ° Kansas Gity Philadelphia Pittsburg Cincinnati 
Electrical Testing Laboratories Chicago St. Louis Denver Birmingham 
80th Street and East End Avenue , THE MAYDW ELL : COMPANY 
NEW YORK Pacific Coast Distributers 


Seattle San Francisco Los Angeles 


I-T-E-Circuit B 


We do. not always get in on these big railway installations at first. 
In: these ten million dollar propositions the circuit breaker is a mere 
detail, it goes in with the rest of the equipment for a lump sum, but 
notice what happens. As these stock circuit breakers begin to give 
out, as they will, and the operating engineer begins to observe their 
faulty operation, as he does, what happens? They are gradu- 
ally replaced and invariably with I-T-E. 


reaker 


Make a note of the fact that no job is too big for us to tackle 
and no problem too difficult for us to solve. I-T-E engineering is 
the best engineering there is—you can have it for the asking. 


The 


Cutter Company 


Philadelphia 


The Cutter: Comoe 120 Liberty Street, New York City 
The (Gutter Cos.oce 1122 Park Building, Pittsburgh, Pa. 
‘The Cutter CO}. \s,ckieki eee eee Cee Monadnock Block, Chicago, Il. 


re <Cipeter .Co.. niciae nse ae Coe 751 Ellicott Square, Buffalo, N. Y. 
The Cutter (Go... ee a oe eee ee. 427 Ford Building, Detroit, Mich. 
Heclés \s4Smith? Cou.tascckeets ater ert eee eee Los Angeles, Cal. 
Mecles.:& Smith (Gosport ae eee eae eee San Francisco, Cal, 
Becles Smithy Conn aps eee. © oho Le eee Portland, Ore. 


Wie vo. Jade) ah 5, diel ehapalabe nis We iesernehe Denver, Colo. 
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| Pies finishing touch 
to the equipment of 
the modern railway 
coach isthe Mazda Lamp 
that makes the car cheer- 
ful and enables passen- 
gers to read in comfort. 


HY build an expen- 
sive car for the 
greater safety, conven- 
ience and comfort of 
your passengers and omit 
this important feature? 


The modern Mazda Lamp— 
abundantly strong —has everything 
in its favor for train lighting. 


It gives light for one-third the 
generator or storage battery capacity 
required by the carbon lamp. 


A Westinghouse Mazda lamp 
will last twice as long as the carbon 
lamp. 


Write for data on Westinghouse Mazda 
lamps in train lighting service. Our engineers 
have made a special study of train lighting re- 
quirements and their services are at your disposal. 


Bloomfield, N. J. 


Offices throughout the country 
Factories—Bloomfield, N. J., and New York City 


Westinghouse Lamp Co. 


’ 
’ 
f 


fi 


} Shurrlok 


The Socket That Locks 


would have prevented this accident due to 
a dark stairway where the lamp had been 
stolen. One personal injury claim, follow- 
ingan accident in an unlighted spot where 
the shurlok —the socket that locks—would 
have kept the lamp in place, might entail 
greater expense than would be involved in 
equipping an entire system with the sockets 
that lock—shurlek,. Write forthe 

catalog to-day. 


PASS & SEYMOUR, Inc. 


Main Office and Works 


Solvay, New York 
ULES A? 


NEW YORK CITY 
178 Fulton Street 


SAN FRANCISCO 
Rialto Building 7 


CHICAGO 4 
700 West Jackson 
& 


Denver Sales Agents 
B. K. Sweeney 4 Oo 
Electrical a W.: 

Company XL 
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Brightly Lighted Stations Are Welcoming 
Beacons of Light 


"THE long, tedious hours of waiting at a station are 

made more tolerable if one can sit and read com- 
fortably. Bright illumination points to progressiveness 
and creates an impression of “service” rendered. 


While many improvements have been made in the interior lighting of the 
newer and larger stations, that of the smaller ones is still neglected in many cases. 
While waiting for trains how often the passenger finds it impossible to read with- 
out eye-strain or without assuming an uncomfortable position. | 


when substituted for the inefficient carbon lamps will triple the illumination with- 
out any additional current consumption. Where other methods of lighting are 
now employed, a well-planned installation of National Mazdas will greatly in- 
crease the efficiency and effectiveness of the illumination. 


Consult our engineers in your lighting problems. Their services are free of 
charge. 


OF GENERAL ELECTRIC Co. 
CLEVELAND, OHIO 


AMERICAN ELEC. LAMP WORKS, 


Central Falls, R. I. } : 

BANNER ELECTRIC WORK s, EO ee Glin Ee LAMP WORKS, ee Svea een eh WORKS, 
Youngstown, Ohio. ELUX MINIATURE LAMP WORKS THE PEERLESS LAMP WORKS, 

BRILLIANT ELECTRIC WORKS, New York City. ; Warren, Qhio. 

BRYAN MARGE ELROTHIO WORKS FEDERAL MINIATURE LAMP WORKS, SHELBY LAMP WORKS, 
Central Falls, R. I. ? Chicago, Il. Shelby, Ohio. 

BRYAN-MARSH ELECTRIC WORKS THE FOSTORIA INC. LAMP WORKS, STANDARD ELECTRIC WORKS, 
Chieago, Ill. ; Fostoria, Ohio. Warren, Ohio. 

THE BUCKEYE ELECTRIC WORKS, GENERAL INC. LAMP WORKS, THE STERLING ELEC. LAMP WORKS, 
Cleveland, Ohio. Cleveland, Ohio. Warren, Ohio. 

COLONIAL ELECTRIC WORKS, MONARCH INC. LAMP WORKS, SUNBEAM INC. LAMP WORKS, 
Warren, Ohio. Chicago, Ill. Chicago, Dl. 

THE COLUMBIA INC. LAMP WORKS, MUNDER ELEC. WORKS. SUNBEAM INC. LAMP WORKS, 


St. Louis, Mo. Central Falis, R. I. New York City. 
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Veluria Semi-Indirect Bowls 


Eleven Designs—All Sizes 


ey pga 
oof Wh OG. Wi 


| SALES DATA SHEET 


SR Sh se SS wwe NS 
s eA Ne ee 


GEMEINDIRECT lighting 1s very use- 
ful for the illumination of such spaces 
as station waiting rooms, dining rooms and 


for use 1n draughting departments where close work 
is done. The varied requirements of these installa- 


tions are:all met by one or more of our semi-indirect 


° 


bowls. There are eleven designs which are furnished 
in all sizes. 


Bulletin No. 106 gives complete data. Write for it. 


HOLORHANE WORKS 


Of General Electric Company 


CLEVELAND, OHIO 


New York Boston Chicago Philadelphia San Francisco 


1G 
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7,000,000 
Testimonials 


Day in and day out, year 
after year, 1,000,000 Bell 
telephones give testimony to 
the reliability and high qual- 
ity of 


Wesfern Electric 
Products 


For more than 380 years the 
Western Electric Company 
has manufactured all the Beil 
telephones. This same com- 
pany also furnishes equip- 
ment for every electrical need 
all as equally efficient and re- 
liable as the “Bell” telephone. 


When you want a motor, 
fan, wiring device, line mate- 


rial—in fact, anything elec- 


trical—order from the West- 
ern Electric distributing 
house nearest you. 


Western Electric Company 


Manufacturers of the 7,000,000 “‘Bell’’ Telephones 
Equipment For Every Electrical Needs 


Main Office: New York City 


Branch Houses : All Principal Cities “3 


~~ 


Sp eS 
% Evectric Co 


Vol. 4, No. 
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Axle Generator Suspension 


The Safety generator suspension is more easily adapted to 
various designs of car trucks than any other suspension. 


All unfavorable features of generator suspension are elimi- 
nated, the advantageous parallel suspension is retained, and all 
parts are standard excepting the supporting irons, which have 
to be adapted to the various types of trucks. 


The generator is entirely open for inspection and any part of 
same may be removed without any obstruction due to the sus- 
pension. 

Very liberal wearing surfaces are provided on easily re- 
movable steel bushings with improved greasing facilities, re- 
ducing wear to a minimum. 

The tension spring is so arranged with respect to the weight 
of the generator as to give a constant belt tension throughout 
the range of belt stretch. 

The adjustment is so arranged as to prevent excessive belt 
tension through error or accident. 


The generator is easily put in alignment with the axle. 


: The generator leads run to a terminal block so arranged as 
| to make it impossible to connect them up wrong. 


| The Safety Car Heating & Lighting Co. 


Chicago, Boston Philadelphia 


Montreal 2 Rector Street, New York AAG Sn 


San Francisco 
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| KEYSTONE 


Railroad Axle Pulley NORMA 
MANY THOUSANDS IN USE ROLLER 


Looks Good, Don’t It BEARINGS 


For (Asia Lighting Generators 


— 


4 H 


BK.WY 
Wi 


The cylindrical shape of Norma Rollers gives 
them the maximum resistance to deforma- 
tion, as well as permitting the most con- 
clusive tests of their freedom from struc- 
tural defects. Their diameter is tested to a 


The Keystone Pulley precision of + 1/10,000 of an inch. 


e Nera Rollers are ziiced = sets center ae 
- perfect freedom and with the minimum o 
with Oneida steel speed at the contact surface. This freedom 
- permits them to adjust themselves to the 
C d B h position of least resistance in rolling, which 
orr ugate us ing is that in which their axes are parallel to the 
axis of the bearing. There is therefore no 

tendency to skew or bind or cramp. 


Keystone Railroad Pulley With Oneida Corrugated Bushing 
Patented January 8, 1907 


is the best combination for car axle 
c : The open type of the Norma Roller Bearing, 
lighting on the market. and the design of the cage, permits the use 


of large rollers and many of them, meaning 


Pulley made flange or flangeless. large load-carrying capacity. Because there 
Standarci7 in 5 1Gh Dak is no thrust on the rollers, the duty of the 
tandard /1-1n. bore, |6-in. to 23-in. cage is simply to maintain proper spacing of 


diameter inclusive. Write for booklet. the rollers. 


The curved outer race permits the Norma 
Roller Bearing to adjust itself under flexure 
or slight errors in alignment, without dis- 
turbing the correct relation of the parts and 
without loss of efficiency. 


These are some of the Norma features explain- 
ing the fact that Norma Roller Bearings 
have twice the load capacity of any ball 
bearing (size for size) and a 50 per cent 
overload capacity, with speed qualities 
and efficiency equal to those of any ball 
bearing. 


Oneida Corrugated Steel Bushing Made to Fit Straight or Taper Axle 
Patented January 8, 1907 


Oneida SteelPulleyCo. | | The Norma Company 


ONEIDA, N. Y. of America 


21 Vesey Street NEW YORK 
The Originators of Steel Railroad Pulleys Makers of 
and Steel Corrugated Bushings NORMA BALL BEARINGS 


Bulletin 103. 
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A New Axle Lighting Equipment 


After a severe test in actual service the 


Atchison, Topeka & Santa Fe Railway Company has 
purchased 62 Axle Lighting Equipments of the type developed and 
perfected by The Electric Storage Battery Co. 


This new Axle Lighting System involves a number of radical 
departures—among which may be mentioned: 


A dynamo of the modified Rosenberg type giving constant voltage characteristic. 
The elimination of the pole changer. 

Regulation by a combination of circuits without any moving parts. 

The elimination of the lamp regulator. 

Automatic adjustment of dynamo output. 

Elimination of useless overcharge of battery. 


THE ELECTRIC STORAGE BATTERY CO. 


MANUFACTURER O 
The “Chloride Accumulator ’’, “Tudor Accumulator’’ 
The “Exide”, “Hycap-Exide”’, eee ee “‘fronclad-Exide’’ Batteries 
PHILADELPHIA, PA. Denver San Francisco Seattle 


New York Boston Chicago 
St. Louis Cleveland Atlanta Detroit 


1888-1913 Los Angeles Portland, Ore. Toronto 


Excello-Dia 
100-125 Hours 


Clean reflectors double 
the amount of light you get. 


The cost of cleaning 
may be great or small de- 


for Alternating Current 
oe od Service 25-133 Cycles, 
This Oak Nae two on 110-120 or 4 on 


pending on means em- alee a4 230-240 volts, white or 
ployed. ei erct foe yellow light. This is 
of light- oN the latest development 

a 4. of the “EXCELLO” 


ing suc- 
cess 


The Thompson Automatic 
Cut-Out Hanger 


idea and embodies in 
Teo aN its design and con- 
fail to get 2 reals struction the results of 
our cat- a a years of experience in 
alogue. the production of the 
“EXCELLO,” the most 
efficient and the most 
reliable short hour 
flame Lamp known to 
the American market. 
The EXCELLO-DIA 
is of the best design, 
the best construction, 
and is absolutely relia- 
ble in operation. 
Does not cast shad- 
OWS. 


The Thompson Electric Co. i Write for detail infor- 


allows the lamp to be 
lowered from any position 
without jar or jerk; where 
it can be cleaned by low 
priced help, in a position 
of safety. 


Made also in larger size 
for Flaming Arcs 


Sole American Distributors 


NEW YORK CHICAGO 
22 E. 21st Street 160 N. Fifth Avenue 


Cleveland, O. 


102 St. Clair St., N. W. KOERTING & MATHIESEN CO. 
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YOU CAN SAVE 


Time, Material and Space 
By Using 


CUTTER PANELBOARDS 


The bus bars are mounted one above the other so that they 
occupy the space of only one bar on the face of the panel. 
The other bars occupy hitherto unused space and it is 
practically impossible to short-circuit a Cutter panelboard. 
The result of this construction is a reduction in the size of 
cabinet, linings and space required for mounting. 


Cutter panelboards in all sizes and types:are described and 
listed in catalog No. 12. Ask for your copy. 


GEORGE CUTTER COMPANY 


425 Notre Dame Street South Bend, Indiana, U. S. A. 
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To Mount Electroliers or Combination Gas and Electric Fixtures 
on Exposed Conduit 


Use Condulets of the “P” Series 


APPROVED BY UNDERWRITERS 


Strongest, Smallest, Neatest Outlet Boxes 
on the Market for this Purpose 


Six Types, Each in 
Sizes to Fit 14, 34 
and | inch Conduits 


Installation of Types P and PC Condulets Type P, arranged for 
Combination Fixture 


PPOHOOGSHOSHSOHHHOHH HHOHHHOSS GOGGLE 


WO) 
[z/ 


POSOHOOHH OSHS OOOO OOO 


Type PC 


There’s a Special Condulet for Each Requirement, All [lesiated and Listed in 
Condulet Catalogs, Bulletins No. 100 and 10]. Free on Request. 


GB Crome Hints Company ZB 


NEW YORK BOSTON CINCINNATI CHICAGO 
30 Church St. 201 Devonshire St. 1-7 Fourth St.W. 417 S. Dearborn St. 


06000HG00O89HH0OOOEHESENGNOHHHOH OOOO OLHON OD OHO LOLOL 000608 0O%% 
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Adequate and Econom- 
ical [Illumination of 
Large Areas 


This is accomplished by the G-E 
Multiple Long Life Flame Arc Lamp. 


The lamp is especially designed for 
lighting train sheds, freight platforms, 
freight yards, etc., etc. 


Multiple Long Life Flame Arc 
Lamp Type W 


The illumination is powerful, steady, 
and very penetrating, the brilliancy remaining undimin- 


ished throughout the trim. 


The maintenance cost of the lamp 1s very low as one 
set of carbons burns from 100 to 120 hours without atten- 
tion and only one electrode needs renewing at each trim. 


Although only a short time on the market the G-E 
Multiple Flame Arc Lamp has been standardized by one 
of the largest railroads in the country. 


In hundreds of industries all over the country this 
lamp is giving the utmost satisfaction. 


General Electric Company 


Cleveland, O. Largest Electrical Manufacturer inthe World hapa ar pega pian Salt Lake City, Utah. 
Columbus, O. Nashville, San Francisco, Cal. 
. Davenport, Ia. General Office: Schenectady, N. Y. New Pons Font: 
D ADDRESS NEAREST OFFICE dd stash asae ne omer 
Ni \. 
RSS Ne a eee ew Bes N. Y. Spokane, Wash. 


1 
ch. eb. 
(Office of sas ) Philadelphia, Pa, Springfield, Mass. 


Mont. 

_w. 3 ae N. Kansas Ee Mo. Louisville, Ky. ; 2 Mace es 

N.C. Erie, Pa. Keokuk, Ia. Mattoon, Ml. ortland, Ore. O. 

: : Indianapolis, Ind. Knoxville, Tenn. Memphis, Tenn. ; Washington, D. C. 

go, Ml. Jacksonville, Fla. Los Angeles, Cal. Milwaukee, Wis. : Youngstown, O. 

Cincinnati, O. Joplin, Mo. Rochester, N. Y. 

For Texas and Oklahoma business refer to Southwest General Electric Co., (formerly Hobson Electric Co.)—Dallas, El Paso, Houston and 

Oklahoma City. For Canadian business refer to Canadian General Electric Company, Lt’d, Toronto, Ont. 4121 


May, 1913. 


CURTIS TURBINES, 


CLOSELY 
LINKED 
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300 KW 3 Phase 3600 R P M Condensing 
Curtis Steam Turbine 


(C curtis TURBINES) (G curtis TURBINES) T 


Anticipate future business by installing adequate 


power-generating facilities. 
high efficiency of 


The 


Curtis Steam Turbines 


at partial loads renders them ideal for 
such an installation. 


The sturdy construction and _ self- 
contained features reduce to a minimum 
maintenance and operating expense. 


General Electric Company 


Atlanta, Ga 
baltimore, Md. 
Birmingham, Ala. 
Boise, Idaho. 
Boston, Mass. 
Buffalo, N. Y. 
Butte, Mont. 


Charleston, W. Va. 


Charlotte, N. C. 


CLattanooga, Tenn. 


Chicago, IL. 


For Texas and Oklahoma business refer to Southwest General El 
Houston and Oklahoma City. For Canadian business refer 


Cincinnati, Ohio 
Cleveland, Ohio 
Columbus, Ohio 
Davenport, Iowa 
Dayton, Ohio 
Denver, Colo. 
Detroit, Mich. 
(Office of Agent) 
Elmira, N. Y. 
Erie, Pa. 
Indianapolis, Ind. 


Largest Electrical Manufacturer in the World 


General Office: 


Schenectady, N. Y. 


ADDRESS NEAREST OFFICE 


Jacksonville, Fla. 
Joplin, Mo. 
Kansas City, Mo. 
Keokuk, Iowa. 
Knoxville, Tenn, 
Los Angeles, Cal. 


Louisville, Ky. 
Mattoon, Il. 
Memphis, Tenn, 
Milwaukee, Wis. 
Minneapolis, Minn. 
Nashville, Tenn. 


New Haven, Conn. 
New Orleans, La. 
New York, N. Y 
Omaha, Neb. 
Philadelphia, Pa. 
Pittsburg, Pa. 
Portland, Ore. 
Providence, R. I. 
Richmond, Va. 
Rochester, N. Y. 
Salt Lake City, Utah. 


oe Francisco, Cal. 
St. Louis, Mo. 
Schenectady, N. ¥. 
Seattle, Wash. 
Spokane, Wash. 
Springfield, Mass. 
Syracuse, N. Y. 
Toledo, Ohio 
Washington, D. C. 
Youngstown, Ohio 


ectric Company (formerly Hobson Electric Co.)—Dallas, El Paso, 
to Canadian General Electric Company, Ltd., Toronto, Ont. 


4176 
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GOULD COUPLER CO. 
GOULD STORAGE BATTERY 


WORKS: 
New York Cleveland Boston Detroit Depew, N.Y. Philadelphia Chicago 


Vol. 4, No. 12. 


CO. 


San Francisco 
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Electric 
Light 


AXLE EQUIPMENT 


The latest U-S-L System of Automatic Regu- 
lation approaches perfection more closely 
than any other. 


The Battery “floats” across the line when fully charged. 


The Battery is charged at the proper current rate with- 
out overcharge or undercharge. 


The Regulation is entirely independent of the Battery. 
A break in the Battery circuit will have no effect on 
the lights. 


The Generator continues to carry the lamp load after 
the Battery is charged. 


The Lamp Regulator 1s not required to dissipate an ex- 
cessive amount of energy. 


Write for Booklet describing the latest U-S-L 
Axle ‘Equipment 


Dees 


me U.S. Light & Heating Co. 


General Offices: 30 CHURCH ST., NEW YORK. Factory: NIAGARA FALLS, N. Y. 


Branch Offices and Service Stations: 


NEW YORK BOSTON BUFFALO CLEVELAND 
DETROIT CHICAGO ST. LOUIS SAN FRANCISCO 
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The Model Stores, Offices and Banks of 
America are equipped with the 


Eye Comfort Lighting Syst 


Armour & Co., Chicago. 


[N THIS SPACE are shown typical 

views of three representative institu- 
tions, where the Eye Comfort Lighting 
System is used. 


Armour & Company adopted this system because 
they found by actual tests that it saves eye fatigue 
and increases efficiency. 
President J. H. Johnson, of the magnificent Penin- 
sular Bank, says: “I feel safe in saying ours is 
one of the most beautiful and practical installations 
of lighting in the country. It is quite the sensation of 
the city.”’ ; 
The Hub, Chicago, the largest and finest men’s fur- 
Dishing store in the world, has lately been equipped 
throughout with the Eye Comfort Lighting System. 
Mr. Walter Lytton, a member of the firm, says: 
“There is no feature about our establishment that 
is attracting more favorable comment from our cus- 
tomers or from our employes, than the Eye Comfort 
Lighting System.”’ 
Have you considered the advantages of the Eye i 
Comfort Lighting System The Hub, Chicago. 


For the Buildings You are Planning? 


Send us blue prints for engineering report. 
No expense or obligation incurred. We're 
glad to render the service, 


National X-Ray Reflector Co. 


Address all inquiries to General Offices 
239 Jackson Blvd., Chicago 
New York Office: 12 W. 33d Street 


° ye e | ° ] E ° COMMITTEE ON INSTALLATION OF WIRING FOR ELECTRIC 
Association of Railway Electrical Engineers. LIGHT) AND, FOWER JN; HAILWAY SURO 
i 5 -)Engr., Co 1& > Ne W.ubye 
Annual Convention, October 20-24, 1918, La Salle Hotel, Chicago. A. J. Farrelly, Chairman, Elec 
Warns att ; ; é CiEREGi , Ch. Elec., C., M. & St. P. Ry. 
Semi-Annual Convention, June 16, 1913, Atlantic City. (Headquar ae Bchulmaie Electrical Gnneracten 
Me deal ee io | a Ramen C. J. Causland, ‘Ch. Elec., Pa. Lines (West). 


bee, Jos. A. Andreucetti, Gen’l. Fore, C. & N. iW... Rye 
D. J. Cartwright, Hlec. Eng., Lehigh Valley R, R., Phillipsburg, N. J. W. . Bohan, Mech. Engr., No. Pac. Ry. 


1ST VICE-PRESIDENT A. L, Chapin, Illinois Central R. R. 
Cc. R. Gilman, Ch. Elec., C. M. & St. P. R. R., Milwaukee, Wis, COMMITTEE ON METHODS OF CHARGING STORAGE BATTERIES. 
: 2ND VICE-PRESIDENT. J. R. Sloan, Chairman, Engr. Elec. Car Ltg., Pa.) Ry RisGeast). 
H, C. Meloy, Ch. Elec., Lake Shore & Mich. So. R. R., Cleveland, O. are e ae Melee ne af * - ae oe R. 
SECRETARY-TREASURER, Mr. L. S. Billau, B&O. BB eee 
i » N. ~ Ry, Chicago, Ill. ' Mr. W. L. Bliss, Unite tates g eating Co. 
Pe SP crecacr aug wea Eee ape Riv Dek 3 : Mr. R. Norberg, Willard Storage Battery Co. 
EXECU 7 W. T. Winship, Goulu Storage Battery Co. 
L. §. Billau, Elec. Dept., B. & O. R. R. H. M. Beck, Electric Storage Battery Co. 
E. W. Jansen, Elec. Eng., I. C. R. R. H. G. Thompson, Edison Storage Battery Co. 
F. E. Hutchison, Ch. Hlec., C. R. I. & P. R. R. Mr. R. C. Lamphier, Sangamo Elec. Co. 
C. J. Causland, Ch. Elec., P. R. R. 
Willard Doud, Shop Eng., I. C. R. R. COMMITTEE ON ORGANIZATION OF YARD FORCES. 
We A- Del Mar, Elec ing. N.Y, .C. & BRR. F. R. Frost, Chairman, Elec. Engr., A., el oe aS. eee 
AUDITING COMMITTEE. Cc. B. Heiser, py, cere socks tre: Lines (Hast). 
i A. McGary, Ch. lec., . Cent. nes. 
ee AS Pere, ee res yt oes W. C. Kershaw, Elec. Fore., Penn. Lines. 
ener e ON OU TIOn a sod AND COMMITTEE ON OUTSIDE CONSTRUCTION AND YARD 
Ch oat a M. & St. P. Ry LIGHTING. 
Cc. R. Gilman airman, ! ec., C. M. & Real 335 s : 
4 : H. M. Warren, Chairman, Elec. Engr., D., L. & W. Ry. 
E is Weeds seeet Sue iret Jas. B. McIntosh, Supt., = o. & P., Washington Term, 
vegas ; F i W. H. Keirn, Blec., Pa. R. R. 
TG Van Winkie: bon eee ee Jos. A. Andreucetti, Gen’l, Fore., Cc. & aE Ry. 
Chester H, Jones, General Hlectrie Co. e 3 pinnae, Ch. Elec., Pa. Lines (West). 
COMMITTEE ON DYNAMO SUSPENSIONS. Sh pogy : PORES FOR Gere 
} i mlec, Hiner, tC. oR. oR. COMMITTEE ON STANDARD RE : P 
r Ne Hatehisen, Ch mise, ae Caniase Mr. F. E. Hutchison, Chairman, Chief Elect. C. R. I. & Pac. R. R, 
N. 5. Lemmon, Ch. Elec., Pullman Co. Chicago, II]. : 
; ant West). Mr. BE. W. Jansen, Elec. Eng., I. C. R. R., Chicago, Il. 
& rs TEL BIBGEe k ae cern F. By. Mr; ac; oe Causland, Chief Elect., Pa. R. R., Chicago, Ill. (Coach 
; ; ‘ ; < Yards). t 
COMMITTEE ON HEAD-END EQUIPMENT. Mr. H. ©. Meloy, Chief Elect, L. S. & M. S. R. R., Cleveland, O. 
W. J. Bohan, Chairman, Mech. Engr., No. AS Vs Mr. F. R. Frost, Elect. Eng., A. T. & S. Fe R. R., Topeka, Kan. 
C. R. Gilman, Ch. Hlec., C., M. & St. P. y. 
Jos. A. Andreucetti, Gen’l, Fore, C. & N. W. Ry. COMMITTEE ON SHOP PRACTICE. 
H. A, Humphrey, Asst. Hlec. Engr., Great Northern Ry. Me Eee Chairman, Shop Engr., I. C. R. R. 
CVT G. W. ravens. 
CS tte) ns, . R. H. S. Geare, Westinghouse Elec. & Mfg. Co. 
Chas. R. Sugg, Chairman, Elec. Engr., Atlantic Coast Line. L. L. Parker, General Blectric Co. 
F. E, Hutchison, Ch. Blec., R. I. Lines. C. H. Quinn,’Mech. Engr., Norfolk & Western. 
J. H. Bureham, Ch. Blec,, C. & BP. I. R. R. Mr, Adams, A. T. & S, F. Ry. 
COMMITTEE ON ILLUMINATION. 
STANDARDS. 
L. S. Billau, Chairman, Elec. Dept., B. & O. Ry. COMMITTEE) ON 


inick i E. W. Jansen, Chairman, Elec. Hngr, i Co Re 
ies Maer cies ea Lg ae hae ee Tae D, J. Cartwright, Blec. Engr., Lehigh Valley R. R. 
DP) ‘Morrison, Elec. Engr., Pittsburg & Lake Erie. J. H. Dunn. 
A. J. Sweet, Commercial Engr., Holophane Wks. of G. E. Co. C. H. Quinn, Mech, Engr., Norfolk ae Eee 
L. Schepmoes, Safety Car Htg. & Ltg. Co. F. R. Frost, Elec. Engr., A. T. & S&S. FE y- 
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COMMITTEE ON STANDARD REPORTS FOR OPERATION 
WwW. Jansen, Chairman, Blec. Engr., I. C. R. R. 


3 = Me “ as eres ~ 66 99 
Sate mle, Ae dee gr = STANDARD 
. Frost, ec, Ener., A., T. ee ey « , 4 e . 
COMMITTEE ON WIRE SPECIFICATIONS. PEEL, Varnished Cloth 
Wm. A. Del Mar, Chairman, Asst. Engr., N. Y. C. & H. R. R. j ah Lead Covered Cable 


Maj. Azel Ames, Kerite Insulated Wire & Cable Co. 


elssfey) 


oe i, 1 Blectri : ; ie afi 2 P 

He Ee ieotat, Sere ee R. Co. i insures profitable and continu- 

Ree edictan, Gioole Pa te ca pieto ae, ous operation of light and 

Pe te conite Go ae a ag power transmission systems. 
COMMITTEE ON SPECIFICATIONS FOR RUBBER BELTING. fa! Write our ale oe for 

J. R. Sloan, Engr. Blec. Tr, Ltg., Penn. R. R. : estimates and samples. 

P, Puette, Asst. Ch. Elec. L..S. & M. S. Ry. 

J. M. Craig, Supv..Train Ltg., Penn. R. R. Standard 

COMMITTEE ON TERNARY SQUEMENE OT MANDUING COB 9) underground Cable Co. 

Mr. C. J. Causland, Chairman, Chief Elect., Pa. R, R., Chicago, Ill. er eae Pittsburgh, Pa. 


ds 
Mr. F. BE. Hutchison, Chief Elect., C. R. I. & Pac. R. R., Chicago, Il. 
Mr. Geo. C. Colgrove, Chief Elect., I, C. R. R., Chicago, Ill. ee ‘ : New York, Philadelphia, Chicago, 
Mr. om . MeGary, Chief Elect., N. Y. C. & H, R. R. R., New York, “ REN ; Boston, San Francisco, St. Louis. 
beks aa 
Mr. Ww. Cc. Kershaw, Elect. Fore., Pa. R. R., 100 Manhattan Ave., 
New York, N. Y. 


ROTHMOTORS 


are noted for their fine speed adjustments; spark- 
less commutation; high all-day efficiency; and low 
maintenance cost---an ideal machine-tool motor. 
Our grinders and polishers also have many points 
of superiority. 


WRITE FOR DESCRIPTIVE BULLETIN. 


ROTH BROS. & COMPANY 


1388 W. Adams St., CHICAGO 


NEW YORK, 243 Canal St. CINCINNATI, 126 W. Second St. 
PHILADELPHIA, Heed Bidg. PITTSBURGH, 1415 Keenan Bldg. 
SAN FRANCISCO, Monadnock Bldg, 


“OLIVER BEARINGS” 


AND 


DROP FORGED STEEL SHAFTS 


ener 


Rothmotor Driving Lathe 


ACCURATE AND TRUE TO THE 
THOUSANDTH PART OF AN INCH. 


RECOGNIZED AS THE HIGHEST GRADE 
FOR CAR LIGHTING SERVICE. 


OLIVER ELECTRIC & MFG. CO. 


2219-21 LUCAS AVE. 
ES ee ST. LOUIS, MO. BENT Zee 


President 


Goodrich 
Axle Belt 


Saves 
Time and Trouble to the 


Terminal Electrician in changing and shortening belts. 


Money to the Purchasing Agent in low 


cost per car mile. 


Largest 

Rubb 
Factory VW orry to the Electrical Engineer in 
Hit eet freedom from light failures. 


The B. F. Goodrich Co. 


MAKERS OF GOODRICH TIRES : 


and everything that’s best in rubber 


Factories: Akron, Ohio 


Branches in all 
leading cities 


SKF Self-Aligning Ball Bearings 


require no repairs and replacements 


Two rows of balls give strength and highest|carrying capacity. 
The retainer in one piece gives simplicity and durability. 
Swedish Crucible Steel gives endurance. 


All these eliminate repairs and replacements, and increase the 
life of the bearings and reduce the cost of maintenance. 


You must use SKF Self-aligning Ball Bearings to keep pace 
with progress. 


Siy¢__ 5ALL BEARING CD. 
r 


50 Church St., New York City 
GO8 Dearborn &St., Chicago, Ills. 


Send 
Specifications 


Write for 
Suggestions 
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Being Absolutely Water- 
proof, Extra Flexible, and 
giving Maximum Efficiency 
are a few of the points that 
caused 


AXONELAT 


Special Carlighting Belting 
to be known as the Leader 
of the carlighting belts on 
the market today. 


Utility 
Magnetic 
Valves 


control any 
steam pressure. 


Utility Electric 


Thermometers 


Control Utility 
- Magnetic Valves 


Result : 


Absolute regulation of car tempera- 
tures with any present system of 
steam heating. 


Railway Utility Co. 


CHICAGO 


Samples, Data, etc. given upon request 


Victor-Balata & Textile Belting Co. 


51 Beekman St. Factories 172 N. Franklin St. 
New York Easton, Pa. Chicago 


COMBINES MERIT COMMENDS 
GREATEST STRENGTH «“ AMERICAN ” 
WITH AXLE PULLEYS 
MINIMUM WEIGHT TO ENIGNEERS 
AND PURCHASING AGENTS 


EFFICIENCY PRINCIPLE AND MECHANICS 


“AMERICAN” AXLE PULLEYS 


FOR ELECTRIC CAR LIGHTING 


Comply with adopted standards (September, 1910) of Association of Railway Electrical Engineers, 
and, in addition, possess exclusive mechanical points that constitute exceptional service efficiency. 
Central turned in flange under rim provides greater rigidity and strength. Rivets connecting 
arms and rim pass through rim flange, not rim face. Both flanged and flangeless types. Mall- 
eable bushing to suit any axle; steel bushings for standard axles. 


Endorsed by leading railroads. Our booklet gives interesting data. Write us. 


THE AMERICAN PULLEY COMPANY 


OFFICE AND WORKS: PHILADELPHIA. PA. 
Warehouses: New York. 203 Lafayette St Boston.165 Pearl St. Chicago. 124 S. Clinton St 
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WHEN you put 


your money) into 
KERITE you make an 
investment in service. 
You do more than buy 


conductors, insulation 
and protection. You 
obtain the best possible 
combination of the most 
desirable qualities in 


permanent form. 
KERITE remains long after 


the price is forgotten. 
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